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STANDARD SPECIFICATIONS AND CODE OF PRACTICE 

FOR ROAD BRIDGES 
Section V-STEEL ROAD BRIDGES 
(LIMIT STATE METHOD) 


INTRODUCTION 


The Standard Specifications and Code of Practice forRoad Bridges, Section V : Steel Road 
Bridges {Second Revision), IRC : 24-2001 was published by the Indian Roads Congress in 
2001. Since this Code was based on Working Stress Method (WSM) of design, it was felt 
necessary to bring outa revised version ofthe Code based on the modern conceptof Limit 
State Method (LSM) of design in line with current International practice. LSM represents 
definite advancement over WSM. It represents realistic and quantitative safety being based 
on statistical and probability analysis. It uses a multiple safety factor format that intends to 
provide adequate safety at ultimate loads (which could be collapse or elastic buckling or 
fatigue fracture) as also adequate serviceability atservice loads. 

The work of revision of this Code was accordingly taken up by the Steel and Composite 
Structures Committee (B-5) during its tenure from 2006. The draft was discussed at length 
during various meetings and finalized in December 2008. The draft was discussed in the 
Bridges Specifications and Standards Committee meeting held on 18 May 2009 and some 
comments were made for consideration ofthe B-5 Committee. The Committee re-constituted 
in 2009 consisting ofthe following personnel in its meeting on 11J uly 2009 appointed a 
Sub-Committee to finalise the document. The Sub-Committee considered the points raised 
by IRC as well as othersubsequentcomments and finalized the draftwhich was approved by 
B-5 Committee in its meeting held on 8 October 2009 for placing before the Bridges 
Specifications and Standards (BSS) Committee. The names ofthe Personnel of Steel and 
Composite Structures (B-5) Committee are given below: 


Ghoshal, A. 
Roy, Dr. B.C 
Ghosh, U.K. 


Convenor 

Co-Convenor 

Member-Secretary 


Member 


Bagish, Dr. B.P. 
Bhattacharya, A.K. 
Baul, Saibal 
Basa, Ashok 
Ghosh, Prof. Achyut 


Kalyanaraman, Dr. V. 

Purakayastha, Debasish 
Parameswaran, Dr. (Mrs.) Lakshmy 
Sharma, D.D. 

Subbarao, Dr. Harshavardhan 
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Venkataraman, P.G. 

Vijay, P.B. 

Rep. from NHAI (K.C. Verkaychan) 
Rep. from NEC (M.S. Sodhi) 

Rep. from Steel Authority of India 
(A.K. Chopra) 


Rep. from DGBR (Dr. A.R. Tiwari) 

Rep. from Tata Steel Ltd., Kolkata 

Rep. from DMRC, Delhi 

Rep. from INS DAG (Shri ArijitGuha) 

Rep. from MoRT&H 

Rep. from RDSO, Lucknow 


Corresponting Members 

Gyana R. Mohanty 

Ex-Officio Members 

President, IRC (Deshpande, D.B.) 

Director General (RD) & (Singh, NirmalJ it) 

Special Secretary, NORTH 
Secretary General, IRC (Indoria, R.P.) 


Sub-Committee Members 

Ghoshal,A. Ghosh, Prof. Achyut 

Ghosh, U.K. Guha,Arijit 

Purakayastha, Debasish 

The draft approved by Steel and Composite Structures Committee (B-5) was discussed by 
Bridges Specifications and Standards (BSS) Committee in the meeting on 26 October2009 
and approved the same, subject to certain modifications. Subsequently, the draft was 
approved by the Executive Committee on 31 October 2009. Finally the draft was approved 
in the 189th Council meeting held atPatna on 14 November2009. 

The object of issuing the document is to establish a common procedure for design and 
construction of road bridges in steel construction in India. 

The revised publication is meant to serve as a guide to both the design and construction 
engineers, but compliance with the rules therein does not relieve them in anyway of their 
responsibility for stability and soundness ofthe structures designed and erected by them. 

The design and construction of road bridges in steel construction require extensive and 
thorough knowledge ofthe science and technique involved and should be entrusted only to 
specifically qualified engineers and having adequate practical experience in bridge 
engineering and capable of ensuring careful execution of work. 
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501 GENERAL 


501.1 Scope 

501.1.1 This Code deals mainly with the design of the structural steelwork of normal 
road bridges (e.g. beams, plate girders, open web girders). 

501.1.2 Provisions of this Code generally apply to riveted, bolted and welded 
constructions using hot rolled steel sections only. Cold formed sections are not covered in 
the Code. 

501.1.3 IRC : 22 (Section VI) may be referred, wherever applicable in case of concrete 
work composite with steel. 

501.1.4 For loads and load combinations reference shall be made to IRC:6. 

501.1.5 The present version ofthe Code embodies application of limitstate principles 
of design, which envisage that the structure will remain fit for use during its life with an 
acceptable level of reliability. The principles of limit state design have been discussed in 
greater details in Clause 503. The provisions of LimitState Method (LSM) of design in the 
IS 800-2007 have been generally followed in this Code with appropriate changes, where 
necessary. Certain formulae and tables have been adapted from this document. 

501.1.6 Generally steel bridge structures shall be designed by limitstate method. 
Where limitstate method cannot be conveniently adopted, working stress design method as 
per Annex-G may be used atthe discretion ofthe concerned authority. 

501.2 Limitations 

This Code generally applies to normal steel bridges. For the following types of bridges for 
which there are special requirements for design, special literature may be referred to. 

a) Curved bridges 

b) Cable - stayed bridges 

c) Suspension bridges 

d) Temporary bridges 

e) Pedestrian bridges 

f) Swing bridges 

g) Bascule bridges 

h) Box girder bridges 
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i) Prestressed steel bridges 

j) Arch bridges 

This Code applies to such bridges to the extent where the special literature covering the 
above areas refers to the provisions of the presentCode. However, the design of structural 
members and connections of all types of steel bridges may be done in accordance with the 
provisions of this Code. Limitation of this Code is listed in Annex-A. 

501.3 References 

While preparing this Code, practices prevailing in this country in the design and construction 
of steel bridges have been primarily keptin view. However, recommendations offered in the 
following publications have also been considered : 

a) IS 800 - 2007 : General Construction in Steel - Code of Practice {Third 
Revision)-. Bureau of Indian Standards, New Delhi 

b) BS 5400 - Part 3 - 2000 Code of Practice for Design of Steel Bridges: 
British Standards Institute, U.K. 

c) Eurocode - 3 BS-EN 1993-2: 2006 Design of steel structures. Steel 
bridges 

d) IRS Code of Practice forthe design ofsteel orwroughtiron bridges carrying 
rail, road or pedestrian traffic incorporating latest addendum/corrigendum 
- 2004. 


501.4 Definitions 

Forthe purpose of this Code, the following definitions shall apply : 

Accidental Loads - Loads due to explosion, impactof vehicles, orotherrare loads forwhich 
the structure is considered to be vulnerable as perthe user. 

Accompanying Load - Live (Imposed) load acting along with leading imposed load but 
causing lowereffects and/ordeflections. 

Bearing Type Connection -A connection made using bolts in 'snug tight'condition, or rivets, 
where the load is transferred by bearing of bolts and rivets against plate inside the hole. 

Braced Member - A member in which the relative transverse displacement is effectively 
prevented by bracing. 

Buckling load-The load atwhich an element, a memberora structure as a whole, develops 
excessive lateral deformation or instability. 
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Buckling Strength orResistance- Force ormoment, which a membercan withstand without 
buckling. 

Camber- Intentionally introduced pre-curving (usually upwards) in a system, memberorany 
portion of a member with respect to its geometry. Frequently, camber is introduced to 
compensate for deflections at a specific level of loads. 

Characteristic Load - The value of specified load, above which not more than a specified 
percentage (usually 5 percent) of samples of corresponding load is expected to be 
encountered. 

Characteristic Yield/Ultimate Stress - The minimum value of stress below which not more 
than a specified percentage (usually 5 percent) of corresponding stresses (yield/ultimate) of 
samples tested is expected to occur. 

CompactSect/on- A cross-section, which can develop plastic moment, but has inadequate 
plastic rotation capacity needed forformation of a plastic collapse mechanism of the member 
or structure. 

Constant Stress Range - The amplitude between which the stress ranges under cyclic 
loading is constantduring the life of the structure ora structural element. 

Cumulative Fatigue -Total damage due to fatigue loading of varying stress ranges. 

Cut-off Limit- The stress range, corresponding to the particular detail below which cyclic 
loading need not be considered in cumulative fatigue damage evaluation (corresponds to 
10® numbers of cycles in mostcases). 

Deflection - It is the deviation from the unloaded position of a member or structure caused 
by load or change in the material properties. 

Design Life- Intended time period forwhich a structure ora structural elementis required to 
perform its function, satisfying the criteria of performance as set out in this code. 

Design Load/Factored Load - A load value obtained by multiplying the characteristic load 
with a load factor. 

Design Spectrum - Frequency distribution of the stress ranges from all the nominal loading 
events during the design life, (stress spectrum). 

Detail Category - Designation given to a particular detail to indicate the S-N curve to be 
used in fatigue assessment. 

Ductility - It is the property of the material ora structure indicating the extent to which it can 


5 
















IRC:24-2010 


deform beyond the limit of yield deformation before failure orfracture. The ratio of ultimate to 
yield deformation is usually termed 'ductility'. 

Durability- It is the ability of a material to resist deterioration over long periods of time. 

Edge Distance - Distance from the centre of a fastener hole to the nearest edge of an 
element measured perpendicularto the direction of load transfer. 

Effective Lateral Restraint - Restrain which produces sufficient resistance to prevent 
deformation in the lateral direction. 

Effective Length - Member length of a member between points of effective restraint or 
effective restraintand free end, multiplied by a factorto take accountof the end conditions 
in buckling strength calculations. 

Elastic Critical Moment- The elastic moment, which initiates lateral-torsional buckling of a 
laterally unsupported beam or girder. 

Elastic Design- Design, which assumes elastic behaviourof materials throughoutthe service 
load range. 

Elastic Limit- It is the stress below which the material regains its original size and shape 
when the load is removed. In steel design, it is taken as the yield stress/0.2 percent of proof 
stress. 

End Distance - Distance from the centre of a fastener hole to the edge of an element 
measured parallel to the direction of load transfer. 

Fatigue- Damage caused by repeated fluctuations of stress, leading to progressive cracking 
of a structural element. 

Fatigue Loading- Set of nominal loading events, cyclic in nature, described by the distribution 
of the loads, their magnitudes and the numberof applications in each nominal loading event. 

Fatigue Strength - Stress range for a category of detail depending upon the number of 
cycles it is required to withstand during its design life. 

Flexural Stiffness - Stiffness of a member against rotation as evaluated by the value of 
bending deformation moment required to cause a unit rotation while all otherdegrees of 
freedom of the joints of the memberexceptthe rotated one are assumed to be restrained. 

Friction Type Connection - Connection effected by using pre-tensioned high strength bolts 
where shear force transfer is due to mobilization of friction between the connected plates 


6 
















IRC:24-2010 


due to clamping force developed atthe interface of connected plates by the bolt pre-tension. 

Gauge- The spacing between adjacent parallel lines of fasteners, transverse to the direction 
of load/stress. 

High Shear- High shear condition is caused when the actual shear due to factored load is 
greaterthan a certain fraction of design shear resistance (Clause 510.2.2), 

Instability - The phenomenon which disables an element, member or a structure to carry 
further load due to excessive deflection lateral to the direction of loading and vanishing 
stiffness. 

Lateral Restraint- See Effective lateral restraint. 

Limit State - Any limiting condition beyond which the structure ceases to fulfill its intended 
function. 

Load - An externally applied force causing stress or deformations in a structure such as 
dead, live, wind, seismic ortemperature loads. 

Load Effect- The internal force, axial shear, bending or twisting moment, due to external 
loads. 

Main Member - A structural member, which is primarily responsible for carrying and 
distributing the applied load. 

Member Length -The length between centre-to-centre of intersection points with connecting 
members or between the intersection pointofthe connecting memberto the free end in case 
of a free standing member. 

Mill Tolerance - Amount of variation allowed from the nominal dimensions and geometry, 
with respectto cross sectional area, non-parallelism offlanges, and outof straightness such 
as sweep or camber, in a product, as manufactured in a steel mill. 

Normal Stress - Stress component acting normal to the face, plane or section. 

Part/a/SafetyFactor- The factor normally greaterthan unity by which eitherthe loads are 
multiplied orthe resistances are divided to obtain the design values. 

Pitch -The centre-to-centre distance between individual fasteners in a line, in the direction 
of load/stress. 

Plastic Collapse-The failure stage at which sufficient numberof plastic hinges have formed 
due to the loads in a structure leading to a failure mechanism. 
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Plastic Design - Design againstthe limitstate of plastic collapse. 

Plastic Hinge- A yielding zone with significant inelastic rotation, which forms in a member, 
when the plastic moment is reached at a section. 

Plastic Moment - Moment capacity of a cross-section when the entire cross-section has 
yielded due to bending moment. 

Plastic Section - Cross-section, which can develop a plastic hinge and sustain plastic 
momentoversufficientplastic rotation required forformation of plastic failure mechanism of 
the member or structure. 

Poisson's Ratio - It is absolute value of the ratio of lateral strain to longitudinal strain under 
uni-axial loading. 

Prying Force - Additional tensile force developed in a bolt as a result of the flexing of a 
connection componentsuch as a beam end plate orleg of an angle. 

Rotation - The change in angle at a joint between the original orientation of two linear 
members and theirfinal position under loading. 

Secondary Member- Member which is provided for overall stability and/or for restraining 
the main members from buckling orsimilar modes of failure. 

Semi-Compact Section - Cross-section, which can attain the yield moment, but not the 
plastic moment before failure by plate buckling. 

Serviceability Limit State - A limit state of acceptable service condition exceedence of 
which causes serviceability failure. 

Shear Force -The in-plane force at any transverse cross-section of a straight member. 

Shear lag - The in-plane shear deformation effect by which concentrated forces tangential 
to the surface of a plate gets distributed over the entire section perpendicular to the load 
over a finite length of the plate along the direction of the load. 

Shear Stress - The stress component acting parallel to a face, plane or cross-section. 

Slender Section - Cross-section in which the elements buckle locally before reaching yield 
moment. 

Slenderness Ratio -The ratio of the effective length of a memberto the radius of gyration of 
the cross-section aboutthe axis underconsideration. 
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Slip Resistance - Limit shear that can be applied in a friction grip connection before slip 
occurs. 

S-N curve - The curve defining the relationship between the number of stress cycles to 
failure {Nj at a constantstress range (5j, during fatigue loading of a structure. 

Snug 7/gfjt- The tightness ofa boltachieved by a few impacts ofan impactwrench orbythe 
full effortof a person using a standard spanner. 

Stability Limit State - /KWvrwt state corresponding to the loss ofstatic equilibrium ofa structure 
by excessive deflection transverse to the direction of predominant loads. 

Stiffener-An element used to retain orpreventthe out-of-plane deformations of plates. 

Strain - Deformation per unit length or unit angle. 

Strain Hardening - The phenomenon of increase in stress with increase in strain beyond 
yielding. 

Strength - Resistance to failure by yielding or buckling. 

Strength LimitState-A limitstate of collapse orloss ofstructural integrity. 

Stress - The internal force per unit area of the original cross-section. 

Stress Analysis - The analysis of the internal force and stress condition in an element 
member, or structure. 

Stress Cycle Counting - Sum of individual stress cycles from stress history, arrived at 
using any rational method. 

Stress Range- Algebraic difference between two extremes ofstresses in a cycle of loading. 

Stress Spectrum- Histogram of stress cycles produced by a nominal loading eventdesign 
spectrum during design life. 

Sway - The lateral deflection ofa frame. 

Sway Member-A member in which the transverse displacementof one end, relative to the 
other, is not effectively prevented. 

Tensile Stress - The characteristic stress corresponding to rupture in tension, specified for 
the grade of steel in the appropriate Indian Standard. 

Test Load - The factored load, equivalent to a specified load combination appropriate for 
the type of test being performed. 
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Transverse- Direction along the stronger axes of the cross section of the member. 

Ultimate Limit State - The state which, if exceeded can cause collapse of a part or the 
whole of the structure. 

Ultimate Stress - See Tensile Stress 

Yield Stress - The characteristic stress of the material is tension before the elastic limit of 
the material is exceeded, as specified in the appropriate Indian Standard. 

501.5 Symbols 

Symbols used in this Code shall have the following meanings with respectto the structure or 
memberorcondition, unless otherwise defined elsewhere in this Code: 

A Area of cross-section 

A Area at root of threads 

c 

A Effective cross-sectional area 

e 

Total flange area 

A Gross cross-sectional area 

8 

A^ Gross cross-sectional area offlange 

A^^ Gross cross-sectional area of outstanding (notconnected) leg of 

a member 

A Net area of the total cross-section 

n 

A , Nettensile cross-sectional area of bolt 

nh 

A Netcross-sectional area ofthe connected leg of a member 

A^^ Netcross-sectional area of each flange 

A^^ Netcross-sectional area of outstanding (notconnected) leg of a 

member 

A^ Cross-sectional area of a bearing (load carrying) stiffener in 

contact with the flange 

A Tensile stress area 

s 

A , Gross cross-sectional area of a boltatthe shank 

sb 

A Gross sectional area in tension from the centre ofthe hole to the 

tg 

toe ofthe angle section/channel section etc. (block shearfailure. 
Clause 506.1.3) perpendicularto the line offeree. 


10 
















IRC:24-2010 


A Netsectional area in tension from the centre of the hole to the toe 

tn 

of the angle perpendicularto the line offeree (block shearfailure, 
Clause 506.1.3) 

A Shear area 

V 

A Gross cross-sectional area in shearalong with line of transmitted 

force (blockshearfailure, Clause 506.1.3) 

A Net cross-sectional area in shear along the line of transmitted 

force (block shearfailure Clause 506.1.3) 

a,b Larger, and smaller projection of the slab base beyond the 

rectangle circumscribing the compression member respectively 
(Clause 507.4) 

a Peak acceleration 

o 

Unsupported length of individual elements being laced between 
lacing points 

B Length of side of cap or base plate of a compression member 

b Outstand/width of the element 

bj Stiff bearing length. Stiffener bearing length 

b^ Effective width of flange between pair of bolts 

b^ Width of the flange 

b^^ Panel zone width between column flanges atbeam-column junction 

b^ Shear lag distance 

b^ Width of tension field 

b^ Width of outstanding leg 

C Centre-to-centre longitudinal distance of battens 

C Coefficientofthermal expansion 

C Momentamplification factoraboutrespective axes 

my mz ' ' 

c Spacing of transverse stiffener 

Momentamplification factor for braced member 

Moment reduction factor for lateral torsional buckling strength 
calculation 

Momentamplification factor for sway frame 


11 
















IRC:24-2010 


D Overall depth/diameter of the cross-section 

d Depth of web, Nominal diameter 

Twice the clear distance from the compression flange angles, 
plates ortongue plates to the neutral axis 

d, Diameterof a bolt/rivet hole 

n 

dg Nominal diameter of the pipe compression member or the 

dimensions of the compression member in the depth direction of 
the base plate 

d^ Panel zone depth in the beam-column junction 

E Modulus of elasticity forsteel 

Modulus of elasticity of the panel material 
E^ Factored design load 

E Normal force 

n 

Eg Minimum proof pretension in high strength friction grip bolts 

E Stiffener force 

q 

E^^ Stiffener buckling resistance 

E Testload 

test 

E Load for acceptance test 

test,a ' 

E Minimum test load from the testto failure 

test.mm 

E „ Test load resistance 

test.R 

E Strength test load 

E^ Design capacity of the web in bearing 

E External load, force or reaction 

X 

E^^ Buckling resistance of load carrying web stiffener 

/ Actual normal stress range forthe detail category 

/ Calculated stress due to axial force at service load 

Permissible bending stress in compression at service load 
Permissible compressive stress at service load 
Permissible bending stress in tension atservice load 
f , Permissible bearing stress ofthe boltatservice load 
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f , Permissible stress of the bolt in shear at service load 

f Permissible tensile stress at service load 

f , Permissible tensile stress ofthe boltatservice load 

f Permissible stress ofthe weld atservice load 

4 Actual bending stress atservice load 

4^ Actual bending stress in compression atservice load 

4^ Design bending compressive stress corresponding to lateral 

buckling 

4^ Actual bearing stress due to bending atservice load 

4^ Actual bending stress in tension atservice load 

4^ Permissible bending stress in base of compression member at 

service load 

4 Actual axial compressive stress atservice load 

4^ Elastic buckling stress of a compression member, Euler buckling 

stress 

4^ Design compressive stress 

4^^ Extreme fibre compressive stress corresponding elastic lateral 

buckling moment 

4 Equivalentstress atservice load 

4 Fatigue stress range corresponding to 5 x 10® cycles of loading. 

4^^ Equivalent constant amplitude stress 

4^^^ Highestnormal stress range 

4^ Normal fatigue stress range 

f Normal stress in weld atservice load 

f Proof stress 

4 Actual bearing stress atservice load 

4^ Actual bearing stress in bending atservice load 

4^^ Bearing strength ofthe stiffeners 

4 Frequency 

f, Actual shear stress in boltatservice load 

^ sb 
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f Actual tensile stress at service load 

f, Actual tensile stress ofthe boltatservice load 

f Characteristic ultimate tensile stress 

f, Characteristic ultimate tensile stress ofthe bolt 

f Average ultimate stress ofthe material as obtained from test 

Characteristic ultimate tensile stress ofthe connected plate 

Applied shear stress in the panel designed utilizing tension field 
action 

f Actual stress of weld at service load 

Design stress of weld at service load 

f Nominal strength of filletweld 

Maximum longitudinal stress under combined axial force and 
bending 

Characteristic yield stress 
Characteristic yield stress of bolt 
Characteristic yield stress of flange 
f Average yield stress as obtained from test 

Characteristic yield stress of connected plate 
f Characteristic yield stress of stiffener material 

f Characteristic yield stress ofthe web material 

G Modulus of rigidity for Steel 

g Gauge length between centre ofthe holes perpendicular to the 

load direction, acceleration due to gravity 

h Depth of the section 

Total heightfrom the base to the floor level concerned 

Heightofthe column 

h Effective thickness 

e 

hj Heightofthe lip 

Distance between shear centre of the two flanges of a cross 
section 
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/ Momentof inertial ofthe memberaboutan axis perpendicularto 

the plane to the frame 

Momentof inertia ofthe compression flange ofthe beam about 
the axis parallel to the web. 

7^, Momentof inertia ofthe tension flange ofthe beam about minor 

axis 

Momentof inertia of a pairof stiffener aboutthe centre ofthe web, 
ora single stiffener aboutthe face ofthe web. 

I Second momentof inertia 

.9 

I Second moment of inertia of the stiffener about the face of the 

so 

element perpendicularto the web 
7 St. Venant's torsion constant 

7^ Warping constant 

7 Momentof inertia aboutthe minoraxis ofthe cross-section 

7^ Momentof inertia aboutthe major axis ofthe cross-section 

K, Effective stiffness ofthe beam and column 

KL Effective length of the member 

KL/r Appropriate effective slenderness ratio ofthe section 

KL/r Effective slenderness ratio ofthe section aboutthe minoraxis of 
the section 


KL/r 


(KL\ 


\ r 

fKL^ 


\ r J 

K 

V 

K 

w 

L 


L 


Effective slenderness ratio ofthe section aboutthe major axis of 
the section 

Actual maximum effective slenderness ratio ofthe laced column 

Effective slenderness ratio ofthe laced column accounting for 
sheardeformation 

Shearbuckling co-efficient 

Warping restraintfactor 

Member length, Unsupported length. Length centre to centre 
distance ofthe intersecting members. Cantilever length 

Length of end connection in bolted and welded members, taken 
as the distance between outermost fasteners in the end 
connection, or the length ofthe end weld, measured along the 
length ofthe member. 
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Maximum distance from the restraintto the compression flange 
atthe plastic hinge to an adjacent restraint (limiting distance) 

Length between points of zero moment (inflection) in the span 

Centre to centre length of the supporting member 

Distance between prying force and boltcentre line 

Grip length of bolts in a connection 

Length of the joint 

Length between points of lateral support to the compression flange 
in a beam. 

Distance from boltcentre line to the toe offilletweld orto half the 
root radius fora rolled section 

Length of weld 

Bending moment 

Applied bending moment 

Elastic critical momentcorresponding to lateral torsional buckling 
of the beam. 

Design flexural strength 

Momentcapacity ofthe section underhigh shear 

Design bending strength about the minor axis of the cross- 
section 

Design bending strength about the major axis of the cross- 
section 

Reduced effective moment 

Reduced plastic momentcapacity ofthe flange plate 

Design plastic resistance ofthe flange alone 

Design bending strength undercombined axial force and uniaxial 
moment 

Design bending strength under combined axial force and the 
respective uniaxial momentacting alone 

Plastic moment capacity ofthe section 

Moment in the beam atthe intersection ofthe beam and column 
centre lines 
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M Moments in the column above and below the beam surfaces 

pc 

Plastic design Strength 
Plastic design strength of flanges only 
Applied momenton the Stiffener 
Momentatservice (working) load 
Moment resistance of tension flange 

Factored applied moment about the minor axis of the cross- 
section 

Momentcapacity of the stiffener based on its elastic modulus 

Factored applied moment about the major axis of the cross- 
section 

N Numberof parallel planes of battens 

Nj Design strength in tension or in compression 

Axial force in the flange 
Numberof stress cycles 

n Numberof bolts in the bo It group/critic a I section 

Numberof effective interfaces offering frictional resistance to slip 

Number of shear planes with the threads intercepting the shear 
plane in the bolted connection 

Number of shear planes without threads intercepting the shear 
plane in the bolted connection 

P Factored applied axial force 

P Elastic buckling load 

P^ Design axial compressive strength 

Pj^^P^^ Design compressive strength as governed by flexural buckling 
about the respective axis 

P^ Elastic Euler buckling load 

P^.^^ Minimum required strength for each flange splice 

P^ Required compressive strength 

P^ Actual compression atservice load 
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Yield strength of the cross section under axial compression 

p P itch length between centres of holes parallel to the direction of 

the load 

Staggered pitch length along the direction of the load between 
lines of the bolt holes (Fig. 2) 

Q Prying force 

Q Accidental load 

Characteristics load 

Design load 

Qp Permanentloads 

2,, Variable loads 

q Shear stress at service load 

R Ratio of the mean compressive stress in the web (equal to stress 

at mid depth) to yield stress of the web reaction of the beam at 
support 

Netshear in boitgroup at bolt "i" 

R^ Response reduction factor 

R^^ Flange shear resistance 

r Appropriate radius of gyration 

Minimum radius of gyration ofthe individual element being laced 
together 

Radius of gyration aboutthe minor axis(v-v) of angle section 

r Radius of gyration aboutthe minoraxis 

Radius of gyration aboutthe majoraxis 

S Minimum transverse distance between the centroid ofthe rivetor 

boltorweld group 

Constantstress range 

Design strength 

Original cross-sectional area ofthe testspecimen 
Spring stiffeness 
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5^ Ultimate Strength 

5^^ Anchorage length of tension field along the compression flange 

Anchorage length of tension field along the tension flange 

Actual stiffenerspacing 

T Factored tension 

Applied tension in bolt 

Thickness of compression flange 

Design strength underaxial tension 

Yielding strength of gross section underaxial tension 

Rupture strength of netsection underaxial tension 

Design strength of boltunderaxial tension, Blockshearstrength 
atend connection 

r Externally applied tension 

Factored tension force of friction type bolt 
Nominal strength of boltunderaxial tension 
Design tension capacity 
Design tension capacity of friction type bolt 
Nominal tensile strength of friction type bolt 
T Actual tension under service load 

s 

t Thickness of element/angle, time in minutes 

Thickness offlange 
Thickness of plate 
Thickness of packing 
t Thickness of stiffener 

q 

t Thickness of base slab 

.9 

Effective throatthickness of welds 
t Thickness of web 

V Factored applied shear force 

Shear in batten plate 
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Factored frictional shear force in friction type connection 
Critical shearstrength corresponding to web buckling 
y^ Design shearstrength 

y^^ Block shearstrength 

y^^ Nominal shearstrength of bolt 

y^^^ Bearing capacity of bolt for friction type connection 

y^ Plastic shear resistance under pure shear 

y^ Nominal shearstrength 

y , Nominal bearing strength of bolt 

y^^^ Nominal shearcapacity of a bolt 

y , Nominal shearcapacity of boltas governed by slip in friction type 
connection 

y Transverse shearatservice load 

y. Factored shear force in the bolt 

sb 

Design shearcapacity 

y^^^ Design shearstrength in friction type bolt 

y^^ Factored design shear force of friction bolts 

y^ Applied transverse shear 

Shear resistance in tension field 
W Total load 

w Uniform pressure from below on the slab base due to axial 

compression underthe factored load 

Width of tension field 

Torsional index 

Z Elastic section modulus 

e 

Z Elastic section modulus of the member with respect to extreme 

ec ' 

compression fibre 

Elastic section modulus of the member with respect to extreme 
tension fibre 
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z P lastic section modulus 

P 

Contribution to the plastic section modulus of the total shear area 
of the cross section 

Distance between pointof application ofthe load and shearcentre 
of the cross section 

3 ;^ Co-ordinate ofthe shearcentre in respectto centroid 

a Imperfection factorfor buckling strength in compression members 

and beams 

a, Coefficientofthermal expansion 

Ratio of smaller to the larger bending moment at the ends of a 

beam column. 

Pmx' Pmz Equivalentuniform momentfactorforflexural buckling fory-y and 
z-z axes respectively. 

Equivalentuniform momentfactor for lateral torsional buckling 

X Strength reduction factor to account for buckling under 

compression 

Strength reduction factor, at/^^^ 

Strength reduction factorto accountfor lateral torsional buckling 
of beams 

d Deflection 

dp Load amplification factor 

(/) Inclination ofthe tension field stress in web 

Y Unitweightof steel 

Partial safety factorfor load 

Y^^ Partial safety factorfor material 

Y^^^ Partial safety factor against yield stress and buckling 

Y^^i Partial safety factor against ultimate stress 

Y^^^ Partial safety factor for bolted connection with bearing type bolts 

Y^^f Partial safety factorfor bolted connection with high strength friction 

grip bolts 
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NOTE: 


Partial safety factor for fatigue load 
Partial safety factorforfatigue strength 
Partial safety factoragainstshearfailure 
y^^^^ Partial safety factor for strength of weld 

£ Yield stress ratio, (250//^)"''^ 

Non dimensional slenderness ratio = 

Elastic buckling load factor 
Equivalentslenderness ratio 
jj Poisson's ratio 

u Correction factor 

' c 

Coefficient of friction (slip factor) 

//^ Capacity reduction factor 

0 Ratio of the rotation atthe hinge pointto the relative elastic rotation 

of the farend of the beam segment containing plastic hinge 

p Unitmass of steel 

T Actual shear stress range for the detail category 

Buckling shearstress 

r ^ Permissible shearstress atthe service load 

T Elastic critical shearstress 

cr,e 

Fatigue shearstress range 
^fMax Highestshearstress range 

Fatigue shearstress range at cycle for the detail category 
T Actual shearstress atservice load 

V' 

y/ Ratio of the moments atthe ends ofthe laterally unsupported length 

of a beam 

The subscripts y, z denote the y-y and z-z axes ofthe section, respectively. For 
symmetrical section, y-y denotes the minor principal axis whilst z-z denotes the 
major principal axis (Clause 501.6). 
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501.6 Convention for Member Axes 


Unless otherwise specified convention used for member axes is as follows 

x-xalong the member 

y-yan axis of the cross-section 

• perpendicularto the flanges 

• perpendicularto the smaller leg in an angle section 
z-z an axis of the cross-section 

• axis parallel to flanges 

• axis parallel to smaller leg in angle section 
u-u majoraxis (when itdoes not coincide with z-z axis) 
v-vminor axis (when itdoes not coincide with y-y axis) 

501.7 Units 




Forthe purpose of design calculations the following units are recommended : 

a) Forces and loads : kN, kN/m, kN/m^ 

b) U nit mass : kg/m^ 

c) Unitweight: kN/m^ 

d) Stresses and strengths : N/mm^ ( =MN/m^ or MPa) 

e) Moments (bending, etc.) kNm 

Forconversion of system of units to another system, IS 786 (Supplement) may be referred. 


502 MATERIALS AND PROPERTIES 

502.1 General 

The material properties given in this clause are nominal values, as given by various IS Codes 
defining the material properties to be accepted as characteristic values in design calculations. 

502.2 Structural Steel 

502.2.1 P rovisions in this clause are applicable to the structural steels commonly used 
in steel bridge construction namely: 

a) Mild Steel 

b) Medium and High Strength Steel 
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502.2.2 Properties of steel 

502.2.2.1 The following physical properties shall be assumed for all grades of steel for 
design purposes: 

a) Unit mass of steel, = 7850 kg/m^ 

b) Modulus of elasticity, £’ = 2.0 x 10^ N/mm^ (MPa) 

c) Poisson's Ratio, 

d) Modulus of rigidity, G = 0.77 x 10^ N/mm^ (MPa) 

e) Coefficientofthermal expansion cr = 12 x 10 ®/°C 

502.2.2.2 The principal mechanical properties of the structural steel important in design, 
are the yield stress,/^, the tensile or ultimate stress,the maximum percentelongation on a 
standard gauge length and notch toughness. Exceptfor notch toughness, other properties 
are determined by conducting tensile tests on samples cut from the plates, sections etc., 
according to IS 1608. For notch toughness test IS 1499 may be referred. 

502.2.3 Structural steels 

All structural steel shall, before fabrication comply with the requirements of the latest revisions 
of the following Indian Standards : 

IS 808 Dimensions forhotrolled steel beam, column, channel and angle sections 

IS 1161 Steel tubes for structural purposes 

IS 1239 (Pt 1) Steel tubes, tubulars and otherwroughtsteel fittings: Part 1 Steel tubes 

IS 1239 (Pt2) Mild steel tubes, tubulars and otherwroughtsteel fittings : Part2 Mild steel 
tubulars and otherwroughtsteel pipe fittings 

IS 1730 Dimensions forsteel plates, sheets, strips and flats for general engineering 
purposes 

IS 1732 Dimension for round and square steel bars for structural and general 
engineering purposes 

IS 1852 Rolling and cutting tolerances forhotrolled steel products 
IS 2062 Hot rolled low, medium and high strength structural steel 
IS 4923 Hollow Steel sections for structural use 
IS 11587 Structural weather resistantsteels 
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IS 12778 

Hot-rolled parallel flange steel sections for beams, columns and bearing piles. 

502.2.4 

Other steels 


Except where permitted with the specific approval of the authority, steels for machined parts 
and for uses in otherthan structural members orelements shall comply with the following or 
relevantindian Standards. 


IS 1875 

Carbon steel billets, blooms, slabs and bars forforgings 

IS 6911 

Stainless steel plate, sheet and strip 

502.3 

Castings and Forgings 


Steel casting and forgings shall comply with the requirements of the following Indian Standards 
as appropriate : 


IS 1030 

Carbon steel castings for general engineering purposes 

IS 1875 

Carbon steel billets, blooms, slabs & bars forforgings 

IS 2004 

Carbon steel forgings for general engineering purposes 

IS 2644 

High tensile steel castings 

IS 2708 

1.5 percent manganese steel castings 

IS 4367 

Alloy steel forgings forgeneral industrial use 

502.4 

Fasteners 


Bolts, nuts, washers and rivets shall comply with the following or relevant IS standards, as 
appropriate : 


IS 1148 

Hot rolled rivet bars (upto 40 mm dia) for structural purposes 

IS 1149 

High tensile steel rivet bars for structural purposes 

IS 1363 
(Ptl to Pt3) 

Hexagon head bolts, screws and nuts of productgrade C (size range 

M 5 to M 64) 

IS 1364 
(Ptl to Pt3) 

Hexagon head bolts, screws & nuts products grade A & B (size range 

M 1.6 to M 64) 


IS 1367 Technical supply conditions forthreaded steel fasteners 
(Ptl to Ptl8) 
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IS 1929 Hot forged steel rivets for hot closing (12 to 36 mm diameter) 

IS 2155 Cold forged solid steel rivets for hot closing (6 to 16 mm diameter) 

IS 3640 Hexagon fit bolts 

IS 3757 High strength structural bolts 

IS 4000 H igh strength bolts in steel structures - code of practice 
IS 5369 General requirements for plain washers & lock washers 
IS 5370 Plain washers with outside dia 3 x inside dia 
IS 5372 Taperwashers forchannels (ISMC) 

IS 5374 TaperwasherforI beams (ISMB) 

IS 5624 Foundation bolts 

IS 6610 Heavy washers for steel structures 

IS 6623 High strength structural nuts 

IS 6649 Hardened and tempered washers for high strength structural bolts and nuts 

IS 7002 P revailing torque type steel hexagon nuts 

502.5 Welding Consumables 

Welding consumables shall comply with the following Indian Standards, as appropriate : 

IS 814 Covered electrodes for manual metal arc welding of carbon and carbon 

manganese steel 

IS 1395 Low and medium alloy, steel covered electrodes for manual metal arc welding 

IS 3613 Acceptance tests for wire flux combination forsubmerged arc welding 

IS 6419 Welding rods and bare electrodes for gas shielded arc welding of structural 
steel 

IS 6560 Molybdenum and chromium - molybdenum low alloy steel welding rods and 
bare electrodes for gas shielded arc welding 

IS 7280 Bare wire electrodes forsubmerged arc welding of structural steels 
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502.6 Welding 

IS 812 Glossary of terms relating to welding and cutting of metals 

IS 816 Code of practice foruse of metal arc welding forgeneral construction in mild 

steel 

IS 822 Code of procedure for inspection of welds 

IS 1024 Code of practice for use of welding in bridges and structures subject to 
dynamic loading 

IS 1182 Recommended practice for radiographic examination of fusion welded butt 
joints in steel plates 

IS 4853 Recommended practice for radiographic inspection of fusion welded butt joints 
in steel pipes 

IS 5334 Code of practice for magnetic particle flaw detection of welds 

IS 7307(Pt 1) Approval tests forwelding procedures : Parti fusion welding of steel 

IS 7310(Ptl) Approval tests for welders working to approved welding procedures : 
Part-1 fusion welding of steel 

IS 7318(Ptl) Approval test for welders when welding procedure is not required : 
Part-1 fusion welding of steel 

IS 9595 Recommendations for metal arc welding of carbon and carbon manganese 
steels 

502.7 Wire Ropes and Cables 

These shall conform to the following orrelevantindian Standards exceptwhere use of other 
types is specifically permitted by the authority. 

IS 1785 (Pt 1) P lain hard-drawn steel wire for prestressed concrete : 

Part 1 Cold drawn stress relieved wire 

IS 1785 (Pt2) P lain hard-drawn steel wire for prestressed concrete : Part 2 
As-drawn wire 

IS 2266 Steel wire ropes forgeneral engineering purposes 

IS 2315 Thimbles for wire ropes 

IS 9282 Wire ropes and strands for suspension bridges 
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503 LIMIT STATE DESIGN 

503.1 Basis of Design 

503.1.1 In the limit state design method, the bridge structure shall be designed to 
withstand safely all loads likely to acton it throughout its design life. Also, the structure shall 
remain fit for use during its design life. The acceptable limit for safety or serviceability 
requirements before the failure occurs is called a limitstate. In general, the structure shall be 
designed on the basis of the most critical limit state and shall be checked for other limit 
states. The probability of a limitstate being reached during its lifetime should be very low. 

503.1.2 Steel bridge structures are to be designed and constructed to satisfy the design 
requirements with regard to stability, strength, brittle fracture, serviceability, fatigue and 
durability such thatthey 

a) shall remain fit with adequate reliability and be able to sustain all loads 
and other influences experienced during construction and use, 

b) have adequate durability under normal maintenance, 

c) shall not suffer overall damage or collapse under accidental events like 
fire hazards, explosions, vehicle impact, ordue to consequences of human 
error to an extent beyond local damage. The potential for catastrophic 
damage shall be limited oravoided by appropriate choice of one or more 
the following: 

i) Avoiding, eliminating or reducing exposure to hazards, which the 
structure is likely to suffer. 

ii) Choosing structural forms, layouts and details, and designing such 
thatthe structure has low sensitivity to hazardous conditions. 

iii) Introducing redundancy in the structural system, so that in the event 
of failure of a member, the structure does not collapse, and suffers 
only local damage. 

iv) Choosing suitable material, design and detailing procedure, 
construction specifications, and control procedures for shop 
fabrication and field construction. 

v) Providing adequate bracing system. 

503.2 Limit State Design 

503.2.1 Design shall be based on the characteristic values of material strengths 
and applied loads, which take into account the probability of variations in the material 
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strengths and the applied loads. The characteristic values shall be based on statistical 
data, if available. Where such data are notavailable, these shall be based on experience. 
The design values, are derived from the characteristic values through the use of partial 
safety factors both for material strengths and for loads. These factors are dependent on 
the type of the material, the type of load and the limitstate being considered. The reliability 
of the design is ensured when : 

Design load < Design strength 

503.2.2 Limitstates are the states beyond which the structure no longer satisfies the 
specified performance requirements. The limits states are classified as : 

a) Limitstate of Strength 

b) Limit State of Serviceability 

c) Limit State of Fatigue 

503.2.2.1 Limit state of strength 

Limitstate of strength is associated with the failure (or imminentfailure), underthe action of 
probable and most unfavourable combination of loads on the structure using the appropriate 
partial safety factors, which may endangerthe safety of life and/or property. The limitstate of 
strength includes: 

a) Loss of equilibrium of the structure as a whole or any of its parts or 
components 

b) Loss of stability of the structure (including the effect of overturning) 

c) Failure by excessive deformation (including buckling induced 
deformation), rupture of the structure or any of its parts or components. 

d) Brittle fracture 

503.2.2.2 Limitstate of serviceabiiity 
Limitstate of serviceability includes: 

a) Deformation or deflection, which may adversely affect the appearance or 
effective use of the bridge structure. 

b) Vibration in the structure or any of its components causing discomfort to 
the user or damages to the structure or which may limit its functional 
effectiveness 

c) Corrosion and durability 
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503.2.2.3 Limit state of fatigue 

Limitstate offatigue is the state atwhich stress range due to application of live loads reaches 
the limiting values as perClause 511, corresponding to the numberof load cycles and detail 
configuration. 

503.3 Design Loads 

The loads specified in IRC:6 shall be considered along with the load factors. 

503.4 Design Strength 

The design strength, is obtained as given below from ultimate strength, and partial 
safety factors for materials, (Table 1): 

S=S/j 

a LI * m 

NOTE; Partial safety factor for materials (y^^^) account for the possibilities of: 

a) unfavourable deviation of material strength from the characteristic 
value 

b) unfavourable variation of membersizes, 

c) unfavourable reduction in member strength due to fabrication and 
tolerances, 

d) uncertain calculation of strength of the members. 


Table 1 Partial Safety Factor for Materials, y^^ 
(Clause 503.4) 


SI.No. 

Definition 

Partial Safety Factor 

1) 

Resistance, governed by yielding y^^^^ 

1.10 

2) 

Resistance of member governed by buckling 

1.10 

3) 

Resistance, governed by ultimate stress y^_, 

1.25 

4) 

Resistance of connection 


Shop 

Field 





fabrications 

fabrications 


a) 

Bo Its-friction type 


1.25 

1.25 


b) 

Bolts-bearing type 


1.25 

1.25 


0 

Rivets 

y mr 

1.25 

1.25 


d) 

Welds 


1.25 

1.50 
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503.5 Factors Governing Ultimate Strength 

503.5.1 Stability- Stability shall be ensured forthe structure as a whole and foreach 
of its elements. This should include, overall frame stability againstoverturning given below: 

Stability Against Oveturning - The structure as a whole or any part of it shall be 
designed to prevent instability due to overturning, uplift or sliding under factored load as 
given below: 

a) The loads shall be divided into components aiding instability and 
components resisting instability. 

b) The permanentand variable loads and theireffects causing instability shall 
be combined using appropriate load factors as per the Limit States 
requirements to obtain maximum destabilizing effect. 

c) The permanent loads and effects contributing to resistance shall be 
multiplied by a partial safety factor 0.9 and added together with design 
resistance (after multiplying by appropriate partial safety factor). Variable 
loads and theireffects contributing to resistance shall be disregarded. 

d) The resistance effect shall be greater than or equal to the destabilizing 
effect. Combination of imposed and dead loads should be such as to 
cause mostsevere effecton overall stability. 

503.5.2 Fatigue - Fatigue design shall be as per Clause 511 of this Code. When 
designing for fatigue the partial safety factor for loads (f) shall be considered as 1.00 for 
loads causing stress fluctuation and stress range. 

503.6 Geometrical Properties 

The geometrical properties of the gross and the effective cross-sections of a member or 
part thereof, shall be calculated on the following basis: 

a) The properties of the gross cross-section shall be calculated from the 
specified size of the member or part thereof or read from appropriate 
table. 

b) The properties of the effective cross-section shall be calculated by 
deducting from the area of the gross cross-section the following: 

i) The sectional area in excess of effective plate width, in case of 
slendersections (Clause 503.7.2). 

ii) The sectional areas of all holes in the section except for parts in 
compression. In case of punched holes, hole size 2 mm in excess of 
the actual diameter may be deducted. 
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503.7 Classification of Cross-Sections 

503.7.1 The local buckling of plate elements of a cross-section can be avoided before 
the limitstate is achieved by limiting the width to thickness ratio of each elementof a cross- 
section, subjected to compression due to axial force, momentorshear. 

503.7.1.1 When plastic analysis is used, the members shall be capable of forming plastic 
hinges with sufficient rotation capacity (ductility) without local buckling to enable the 
redistribution of bending moment required before formation of the failure mechanism. 

503.7.1.2 When elastic analysis is used, the member shall be capable of developing 
the yield stress under compression without local buckling. 

503.7.2 On the basis of the above, fourclasses of sections are defined as follows: 

Class 1: Plastic - Cross-sections, which can develop plastic hinges and have the 

rotation capacity required for failure of the structure by formation of plastic 
mechanism. The width to thickness ratio of plate elements shall be less than 
thatspecified underClass 1 (Plastic) in Table 2. 

Class 2: Compact- Cross-sections, which can develop plastic momentof resistance, 

but have inadequate plastic hinge rotation capacity for formation of plastic 
mechanism, due to local buckling. The width to thickness ratio of plate 
elements shall be less than thatspecified underClass 2 (compact), butgreater 
than thatspecified underClass 1 (Plastic) in Table2. 

Class 3 : Semi-compact- Cross-sections, in which the extreme fibre in compression 

can reach yield stress, butcannotdevelop the plastic momentof resistance, 
due to local buckling. The width to thickness ratio of plate elements shall be 
less than thatspecified under Class 3 (Semi-compact), butgreaterthan that 
specified under Class 2 (Compact) in Table 2. 

Class 4: Slender - Cross-sections in which the elements buckle locally even before 

reaching yield stress. The width to thickness ratio of plate element shall be 
greaterthan thatspecified underClass 3 (Semi-compact) in Table 2. In such 
cases the effective sections for design shall be calculated by deducting width 
of compression plate element in excess of the Semi-compact section limit. 
The design ofsiendercompression elementis outside the scope ofthis code. 

When different elements of a cross-section fall under different classes, the 
section shall be classified as governed by the mostcritical element. 

The maximum value of limiting width to thickness ratios of elements fordifferent 
classifications of sections are given in Table 2. 
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Table 2 Limiting Width to Thickness Ratio 
(Clauses 503.7.2 and 503.7.4) 


Compression 

Element 

(1) 

Ratio 

(2) 

Class of Section 

Class 1 
Plastic 

(3) 

Class 2 
Compact 

(4) 

Class 3 
Semi- 
Compact 
(5) 

Outstanding 
element of 
compression 
flange 

Rolled 

Section 

b/t^ 

g.Ag 

10.5£ 

15.7£ 

Welded 

Section 

b/t^. 

8.4£: 

9.4£ 

13.6£ 

Internal 

element of 

Compression 

Flange 

Compression 
due to 

Bending 

b/t^ 

29.3£ 

33.5£ 

42£ 

Axial 

Compression 

b/t^. 

Not app 

licable 

Web of 

an l-H- 

or Box 

Section 

Neutral axis at 
mid-depth 

d/t^, 

84£ 

105£ 

126£ 

Generally 

If Tj is 
negative: 

d/t^ 

84£/(l-Hrj) 
but> 42£ 

105.0£/(1-Frj) 

126.0£/(1-F2r; 

but> 42£ 

If Tj is 
positive: 

d/t^, 

105.0£/(1-Fl.5rj) 
but> 42£ 


Axial compression 

d/t^, 

Not app 

icable 

42£ 

Web of a channel 

d/t^, 

42£ 

42 £ 

42£ 

Angle, compression due to 
bending (Both criteria should 
be satisfied) 

b/t 

d/t 

9.4£ 

9.4£ 

10.5£ 

10.5£ 

15.7£ 

15.7£ 

Single angle, ordouble angles 
with the components separated, 
axial compression (All three 
criteria should be satisfied) 

b/t 

d/t 

(b+d)/t 

NotApplicable 

15.7£ 

15.7£ 

25£ 

Outstanding leg of an angle 
in contact back-to-back in a 
double angle member 

d/t 

9.4£ 

10.5£ 

15.7£ 

Outstanding leg of an angle 
with its back in continuous 
contact with anothercomponent 

d/t 

9.4£ 

10.5£ 

15.7£ 

Stem of a T-section, rolled or 

cutfrom a rolled l-or-H-section 

D/t^. 

8.4£ 

9.4£ 

18.9£ 

Circularhollow tube, including 
welded tube subjected to (a) 
moment (b) axial compression 

D/t^. 

42£2 

52£2 

146£2 

D/t 

Notapplica 

ble 

88£2 
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(Table 2 Contd.) 

NOTE 1 

; Elements which exceed semi-compact limits are to be taken as of slender 
cross-section 

NOTE 2 

.■ £ = (250/f/^ 

NOTE 3 

: Webs shall be checked for shear buckling In accordance with 
Clause 509.4.2 when d/t > 67e. where, b Is the width of the element (may be 
taken as clear distance between lateral supports or between lateral support 
and free edge, as appropriate), t Is the thickness of element, d Is the depth of 
the web, D Is outer diameter of the element. Refer Fig 1 Clauses 503.7.3 and 
503.7.4. 

NOTE 4 

: Different elements of a cross-section can be different classes. In such cases 

the section Is classified based on the least favourable classification. 

NOTE 5 

: The stress ratio and are defined as 


= (actual average axial stress(negatlve. If tenslle))/(deslgn compressive stress 
of web alone) 

^2 

= (actual average axial stress(negatlve. If tenslle))/(deslgn compressive stress 
of overall Section) 

503.7.3 

Types of Elements 

a) Internal elements are elements attached along both longitudinal edges to 
otherelements orto longitudinal stiffeners connected atsuitable intervals 
to transverse stiffeners, e.g. web of l-section and flanges and web of box 
section. 

b) Outside elements orOutstands are elements attached along only one of 
the longitudinal edges to an adjacentelement, the otheredge being free 
to displace out of plane e.g. flange overhang of an l-section, stem of 
T-section and legs of an angle section. 

c) Tapered elements may be treated as flat elements having average 
thickness defined in SP :6 Part 1 of BIS. 


503.7.4 Compound elements in built-up section (Fig. 1) - In case of compound elements 
consisting of two or more elements bolted or welded together, the limiting width to thickness 
ratios as given in Table 2 should be considered as follows : 

a) Outstanding width of compound elements [b) to its own thickness. 

b) The internal width of each added plate between the lines of welds or 
fasteners connecting it to the original section to its own thickness. 
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ROLLED BEAMS 
AND COLUMNS 


ROLLED RECTANGULAR 

CHANNELS HOLLOW 

SECTIONS 


CIRCULAR 

HOLLOW 

SECTIONS 



. b , h 


1 


TEES 



DOUBLE ANGLES 
(BACK TO BACK) 



b - Internal Element Width 

I 

b - External Element Width 

e 

Fig. 1 Dimensions of Sections 
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c) Any outstand of the added plates beyond the line of welds or fasteners 
connecting it to original section to its own thickness. 

504 GENERAL DESIGN CONSIDERATIONS 

504.1 Effective Span 

The effective span shall be as given below : 

a) For main girders - the distance between the centres of bearings 

b) For cross girders - the distance between the centres of main girders or 
trusses 

c) For stringers - the distance between the centres of cross girders 

NOTE Where a cross girder or stringer terminates on an abutment or 
pier, the centre of bearing thereon shall be taken as one end of 
the effective span. 

d) For pins in bending -the distance between the centres of bearings; but 
where pins pass through bearing plates having thickness greaterthan half 
the diameter of the pins, consideration may be given to the effect of the 
distribution of bearing pressures on the effective span. 

504.2 Effective Depth 

The effective depth of plate or truss girder should be taken as the distance between the 
centres of gravity of the upper and lower flanges or chords. 

504.3 Spacing of Girders 

The distance between centres of the main girders shall be sufficientto resist overturning or 
over stressing due to lateral forces and loading conditions. Otherwise special provisions 
must be made to prevent this. This distance shall not be less than 1/20 of the span. 

504.4 Depth of Girders 

Minimum depth preferably shall not be less than the following : 

a) For trusses : 1/10 of the effective span 

b) For roiied steei joists and piate girders : 1/2 5 of the effective span 

The effective depth of open web girders shall not be greater than three 
times the distance between the centres of these girders. 
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504.5 Deflection of Girders 

Deflection is to be checked by elastic analysis, using a partial safety factor for loads 
as 1.0. 

504.5.1 Rolled steel beams, plate girders orlattice girders, eithersimple orcontinuous 
spans, shall be designed so thatthe total deflection due to dead load, live load and impact 
shall not exceed 1/600 of the span. However, this restriction shall notapply if minimum in- 
place precamber is provided to compensate for all dead and superimposed dead load 
deflections. 

Additionally, the deflection due to live load and impactshall not exceed of 1/800 of the span. 

504.5.2 The deflection of cantilever arms at the tip due to dead load, live load and 
impactshall not exceed 1/300 of the cantilever arm and deflection due to live load and impact 
shall not exceed 1/400 ofthe cantileverarm. 

504.5.3 Sidewalk live load may be neglected in calculating deflection. 

504.5.4 When cross bracings or diaphragms of sufficient depth and strength are 
provided between beams to ensure the lateral distribution of loads the deflection may be 
calculated considering all beams acting together. 

504.5.5 The gross moment of inertia shall be used for calculating the deflection of 
beams or plate girders. In calculating the deflection of trusses the gross area of each truss 
membershould be used. 

504.6 Camber 

504.6.1 Camber, if any, shall be provided as specified by the engineer. Camber may 
be required to maintain clearance under all conditions of loading or it may be required for 
the sake of appearance. 

504.6.2 In the absence of specific guidance, the following principles may be observed. 

a) Beams and plate girders up to and including 35 m span need not be 
cambered. 

b) In open web spans the camberofthe main girders and the corresponding 
variations in length of members shall be such that when the girders are 
loaded with full dead load plus 75 percentofthe live load withoutimpact 
producing maximum bending moment, they shall take up the true 
geometrical shape assumed in their design. The camber diagram shall 
be prepared as indicated in Annex-B. 
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504.7 Minimum Sections 

504.7.1 For all members of the structure, except parapets and packing plates, the 
following minimum thicknesses of plates and rolled sections shall apply : 

a) 8 mm when both sides are accessible for painting or are in close contact 
with other plates or rolled sections, or are otherwise adequately (refer 
Annex-D) protected against corrosion. 

b) When one side is not readily accessible for painting or is not in 
close contact with another member, oris not otherwise adequately (refer 
Annex-D) protected and where the thickness required by calculation is 
less than 12.5 mm, 1.5 mm shall be added to the calculated thickness 
subjectto the total thickness being not less than 10 mm. 

c) 6 mm for box members when the inside of the member is effectively sealed. 

d) For rolled steel beams and channels the controlling thickness shall be 
taken as the mean thickness of the flange, regardless of the web thickness 

504.7.2 In floor plates and parapets not designed to carry stresses a minimum 
thickness of 6 mm shall be used if both sides are accessible or 8 mm if only one side is 
accessible. For packing plates the thickness shall not be less than 1.5 mm. 

504.7.3 In riveted construction no angle less than 75 mm x 50 mm shall be used for 
the main members of the girders. 

504.7.4 No angle less than 65 mm x 45 mm and no flat less than 50 mm wide shall be 
used in any partof a bridge structure, exceptfor hand railings and shearconnectors. 

504.7.5 Thickness of end angles connecting stringers to cross girders orcross girders 
to main girders shall be not less in thickness than three quarters of the thickness of the web 
plates of the stringers and cross girders respectively. 

504.8 Skew Bridges 

For skew bridges, detailed analysis offerees shall be required. However, if the angle of 
skew is within 15°, such detailed analysis may not be necessary. 

504.9 Bearings 

504.9.1 Provision for jacking of the steel girderfor inspection and maintenance of the 
bearings shall be in-built in the bridge structure and the jacking positions shall be identified 
and clearly marked. 
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504.9.2 Itshall be ensured that, while selecting the bearing type and designing it, the 
adequacy of the load transfer mechanisms from superstructure to bearing and bearing to 
sub-structure have been examined and provided for. 

504.10 Fire Hazards 

504.10.1 Adequate provision may be made as far as possible forfire fighting equipment 
to access all parts of the bridge. 

504.10.2 In case of accidental occurrence of fire in a bridge itshould be mandatory for 
the authorities to have the bridge inspected by competent experts in order to ascertain the 
health of the structure before itcan be declared safe for use. 

505 ANALYSIS OF STRUCTURES 


505.1 General 

Effects of design loads on a bridge structure and its members and connections shall be 
determined by structural analysis using Elastic analysis 

505.2 Elastic Analysis 

505.2.1 Assumption- Individual members shall be assumed to remain elastic under 

the effects of factored design loads for all limit states. 

505.2.2 The effectof haunching orany variation ofthe cross-section along the axis of 
a member shall be considered, and where significant shall be taken into account in the 
determination ofthe member stiffness. 

505.2.3 Appropriate load combinations with corresponding load factors are to be used 
to find outthe maximum values of load effects on members. 

505.2.4 In a first-order elastic analysis, the equilibrium ofthe frame in the undeformed 
geometry is considered, the changes in the geometry ofthe frame due to the loading are not 
accounted for, and changes in the effective stiffness ofthe members due to axial force are 
neglected. The effectof these on the firstorder bending moments may be accounted for by 
carrying outsecond orderelastic analysis. 

506 DESIGN OF TENSION MEMBERS 

506.1 Design 

Tension members are linear members in which axial forces actcausing elongation (stretch). 
Such members can sustain loads upto ultimate load, atwhich stage they may fail by rupture 
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at a critical section. However, if the gross area of the member yields over a major portion of 
its length before the rupture load is reached, the member may become non-functional due to 
excessive elongation. P lates and other rolled sections in tension may also fail by block shear 
of end bolted riveted regions (See Clause 506.1.3). 

The factored design tension T, in the members shall satisfy the following requirement: 

r < r, 

a 


where 


= design Strength of the member 

The design strength of a member under axial tension, is the lowest of the design strength 
due to yielding of gross section, rupture of critical section, and block shear given 
in Clauses 506.1.1, 506.1.2 and 506.1.3 respectively 

506.1.1 Design strength governed by yielding of gross section 

The design strength of members under axial tension, as governed by yielding of gross 
section, is given by 


■ dg 


A f/r 

gJy / , 


mO 


where 


/^, = yield stress of the material 

A = gross area of cross-section 

= partial safety factorforfailure in tension by yielding (Table 1) 

506.1.2 Design strength governed by rupture of critical section 

506.1.2.1 Plates - The design strength in tension of a plate, as governed by rupture 
of netcross sectional area, A^ atthe holes is given by 

=0.9A f / r , 

dn n'^ u ' ml 

where 

Y^^^ = partial safety factorforfailure at ultimate stress (Table 1) 
f = ultimate stress of the material 

= net effective area of the membergiven by. 
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A 


b - nd^ + 



t 


where 


b, t = width and thickness of the plate, respectively 
d, = diameterof the hole 

g = gauge length between the holes, as shown in Fig. 2 

= staggered pitch length between line of holes as shown in Fig. 2 
n = numberof holes in the critical section 
/ = subscriptforsummation of all the inclined legs 



506.1.2.2 Threaded rods - The design strength of threaded rods in tension, as 
governed by rupture is given by 


r =0.9 A f /y 

an n'^ n ' t 


ml 


where 

A = net root area at the threaded section, 

n 

506.1.2.3 Single angles-The rupture strength of an angle connected through one leg is 
affected by shear lag. The design strength , as governed by rupture atnetsection is given 
by 


T. = 0.9 A f / r /3A f /y . 

where 

P = 1.4 - 0.076 (w/t) (f/fj (b/LJ < (I yjf^ yj > 0.7 
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where 

w = outstand leg width 

= shear lag width as shown in Fig. 3 

= length of the end connection, i.e., distance between the outermost bolts/rivets 
in the end joint measured along the load direction or length of the weld along 
the load direction 

Forpreliminary sizing, the rupture strength of netsection may be approximately 
taken as 

T = aA f/r , 

where 

a = 0.6 for one or two bolts/rivets, 0.7 for three bolts/rivets and 0.8 for four or 
more bolts/rivets along the length in the end connection or equivalent weld 
length 

A = net area of the total cross section 

n 

A = net area of the connected leg 

A = gross area of the outstanding leg 

t = thickness of the leg 


w 



l 


b - w+w -t b - w 

S ‘ S 

Fig. 3 Angles with Single Leg Connections 


506.1.2.4 Other sections - The rupture strength, of the double angles, channels, 
I sections and other rolled steel sections, connected by one or more elements to an end 
gussetis also governed by shearlag effects. The design tensile strength ofsuch sections as 
governed by tearing of netsection may also be calculated using equation in Clause 506.1.2.3 
where p is calculated based on the shearlag distance, betaken from the farthestedge of the 
outstanding leg to the nearest bolt/rivet/weld line in the connected leg of the cross section. 
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506.1.3 Design strength governed by block shear- The strength as governed by block 

shearatan end connection of plates and angles is calculated as given in Clause 506.1.3.1, 

506.1.3.1 Bolted/riveted connections - The block shearstrength, of connection shall 
be taken as the smallerof 

T,, = rj + o.9Ajyrj 

or 

L, = (0-9AJ/(SrJ+AJ/yJ 

where 

= minimum gross and net area in shear along bolt/rivet line parallel 
to external force, respectively [1-2 and 3-4 as shown in Fig. 4 (a) and 
1-2 as shown in Fig. 4 (b)] 

A, A = minimum gross and net area in tension from the bolt hole to the toe of 
the angle, end boltline, perpendicularto the line offeree, respectively 
[2-3 as shown in Fig. 4 (b)] 

= ultimate and yield stress of the material, respectively 



(a) Plate (b) Angle 


Fig. 4 Block Shear Failure 

506.1.3.2 Welded connection - The block shear strength, shall be checked for 
welded end connections by taking an appropriate section in the member around the end 
weld, which can shearoff as a block. 

506.2 Design Details 

506.2.1 Slenderness ratio 

For main members the ratio of unsupported length to the least radius of gyration shall not 
exceed 300. 


43 
































IRC:24-2010 


506.2.2 Configuration 

Tension members should preferably be of solid cross section. However, when composed of 
two or more components these shall be connected as described in Clause 506.2.6,506.2.7 
and 506.2.8, 

506.2.3 Effective sectionai area 

When plates are provided solely forthe purposes of lacing or battening, they shall be ignored 
in computing the radius of gyration of the section. 

506.2.4 Lacing and battening 

The open sides of built-up tension members ofchannel orbeam sections shall be connected 
by lacing or battening where the length of the outstand towards the open side exceeds 16 
times the mean thickness of the outstand for steel conforming to IS 2062 upto Grade 
E 250 (F^410 W) and 14 times the mean thickness of the outstand for steel conforming to IS 
2062 Grade E 300 (F^440 W) and above. 

506.2.5 Lacing and battening shall be designed in accordance with Clause 506.2.7 
and 506.2.8 and shall be proportioned to resistall shearforces due to external forces, if any, 
in the plane of lacing. The shearshall be considered as divided equally among all transverse 
systems and plating in parallel planes. 

506.2.6 Tension members composed of two components back-to-back 

506.2.6.1 Tension members formed by sections placed back-to-back, either in contact 
orseparated by a distance notexceeding 50 mm shall be connected together in their length 
at regular intervals by riveting, bolting or welding so spaced that the maximum ratio of 
slenderness ofeach elementis notgreaterthan thatspecified formain members in Clause 

506.2.1, 

506.2.6.2 Where the components are in contact back-to-back riveting, bolting orwelding 
shall be in accordance with clauses applicable. 

506.2.6.3 When the components are separated they shall be connected through solid 
washers or packings, riveted, bolted or welded. 

506.2.7 Design of iacing 

506.2.7.1 As far as practicable the lacing system shall not be varied throughout the 
length of the tension member. 
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506.2.7.2 Lacing bars shall be inclined atan angle of 409to 709to the axis ofthe member 
when a single intersection system is used and at an angle of 409 to 509 when a double 
intersection system is used. 

506.2.7.3 Except for tie as specified in Clause 506.2.7.7 double intersection lacing 
systems shall notbe combined with members ordiaphragms perpendicularto the longitudinal 
axis ofthe member, unless all forces resulting from deformation ofthe member are calculated 
and provided for in the lacing and its fastenings. 

506.2.7.4 Lacing bars shall be so connected thatthere is no appreciable interruption of 
the triangulation ofthe system. 

506.2.7.5 The required section ofthe lacing barshall be determined in accordance with 
the design provisions of lacings of compression members given in Clause 507.8. The 
slenderness ratio ofthe lacing shall not exceed 140. For this purpose the effective length 
shall be taken as follows : 

i) In riveted or bolted construction, the length between the innerend rivets or 
bolts ofthe lacing bar in single intersection lacing and 0.7 times this length 
for double intersection lacing effectively connected at intersection. 

ii) In welded construction, the distance between the inner ends of 
effective lengths of welds connecting the bars to the components for 
single intersection lacing and 0.7 times this length for double 
intersection lacing effectively connected at intersection. 

506.2.7.6 Riveting, bolting or welding of lacing bars to the main members shall be 
sufficient to transmit the load to the bars. Where welded lacing bars overlap the main 
components, the amountof lap shall notbe less than fourtimes the thickness ofthe bar 
or four times the mean thickness of the flange of the component to which the bars are 
attached, whichever is less. The welding shall be provided along each side ofthe barfor 
the full length of the lap and returned along the ends of the bar for a length equal to at 
leastfourtimes the thickness ofthe baror width ofthe bar whichever is less. 

Where lacing bars are fitted between main components, they shall be connected to each 
component by fillet welds on both sides ofthe barorbyfull penetration buttwelds. 

506.2.7.7 Laced tension members shall be provided with tie plates atthe ends ofthe 
lacing systems, at points where the lacing systems are interrupted and where the member is 
connected to another member. 
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506.2.7.8 The length of end tie plate parallel to the axis ofthe member shall notbe 
less than the perpendicular distance between the centroids ofthe main components 
and the length ofthe intermediate tie plates shall not be less than 3/4 of this distance. 

506.2.7.9 The thickness of all tie plates shall be not less than 1/60 ofthe distance between 
the innermost lines of rivets, bolts orwelds attaching them to the main components, except 
when effectively stiffened atthe edges, in which case the minimum thickness may be 8 mm; 
forthis purpose the edge stiffeners shall have a slenderness ratio not less than 170. 

506.2.7.10 When angles, channels etc. are used instead of end tie plates or are provided 
where the lacing system is interrupted, these shall be designed by the same method as for 
battens. The end batten or the intermediate batten and its fastenings shall be capable of 
carrying the forces forwhich the lacing has been designed. The slenderness ratio shall not 
exceed 140. 

506.2.8 Design of battens 

Battened tension members shall comply with the following requirements. 

506.2.8.1 The spacing of battens, measured as the distance between the centres of 
adjacentend pitches of rivets orbolts or, forwelded construction, the cleardistance between 
the battens, shall be such that the maximum ratio of slenderness of each element is not 
greater than that specified for main members in Clause 506.2.1 

506.2.8.2 The effective length ofthe batten, parallel to the axis ofthe member, shall be 
taken as the longitudinal distance between end fastenings. 

End battens shall have an effective length of notless than the perpendiculardistance between 
centroids ofthe main components and the length ofthe intermediate battens shall have an 
effective length of notless than one-half of this distance. 

506.2.8.3 Batten plates shall have a thickness of not less than 1/60 of the minimum 
distance between the connecting rivetor bolts groups orwelds exceptwhere they are stiffened 
attheir edges. 

506.2.8.4 Where battens are attached by rivets orbolts, notless than two rivets orbolts 
shall be used in each connection. Where battens are attached by welds, the length of welds 
connecting each longitudinal edge ofthe batten plate to the componentshall, in the aggregate, 
be notless than half the length ofthe batten plate, and atleastone-third ofthe weld shall be 
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placed ateach end of the longitudinal edge. In addition, welding shall be returned along the 
ends ofthe plate fora length of atleastfourtimes the thickness ofthe plate. 

Where the tie or batten plates are fitted between main components they shall be connected 
to each membereitherbyfilletwelds on each side ofthe plate, atleastequal in length to 
thatspecified in the preceding paragraph or by full penetration buttweld. 

506.2.9 Splices 

Splices in tension members shall have a sectional area 5 percentmore than thatrequired to 
develop the load in the member and, whenever practicable, the cover material shall be 
disposed to suit the distribution of stress in the various parts ofthe cross section ofthe 
member. Both surfaces ofthe parts to be spliced shall be covered wherever possible. Rivets, 
bolts or welds shall develop the full strength ofthe cover material as defined above. 

507 DESIGN OF COMPRESSION MEMBERS 

507.1 Design Strength 

507.1.1 Common hot rolled and built up steel members, used for carrying axial 
compression, usually fail by flexural buckling. The buckling strength of these members is 
affected by residual stresses, initial bow and accidental eccentricities of load. To accountfor 
all these factors, the strength of members subjected to axial compression is defined by 
buckling class a,b,c ord as given in Table 3 and 4. 

507.1.2 The factored design compression P in the memberdue to external loads shall 
satisfy the following requirement: 

P < P, 

a 


where 

P^ = design strength ofthe member as given below : 

e cd 

where 


A = effective sectional area as defined in Clause 507.3.2 

e 

= design compressive stress obtained as per Clause 507.1.2.1 


47 
















IRC:24-2010 


507.1.2.1 The design compressive stress,of axially loaded compression members 
shall be calculated using the following equation: 




/v / Ymo 


cd 




0.5 


2r//r„o <//r 


mO 


where 


(P = 0.5[l+cr(^-0.2)+;L2] 

2 = non-dimensional effective slenderness ratio = 

= E uler buckling stress =; 7 ^£’/('i^L/rj^ 

where 

KL/r = Effective slenderness ratio or ratio of effective length KL, to appropriate 
radius of gyration, r 

a = Imperfection factor given in Table 3 

X = Stress reduction factor (given in Table 5) for different buckling class. 


slenderness ratio and yield stress = 

= Partial safety factor for material Strength 

Calculated values of design compressive stress/^^ for different buckling classes are given in 

Table 6. 




Table 3 Imperfection Factor, a 
(Clauses 507.1.1 and 507.1.2.1) 


Buckling Class 

a 

b 

c 

d 

a 

0.21 

0.34 

0.49 

0.76 


507.1.2.2 The classification of different sections underdifferentbuckling class a, b, c or 
d, is given in Table 4. The stress reduction factor x, and the design compressive stress, 
for different buckling class, yield stress, and effective slenderness ratio is given in Table 5 
for convenience. The curves corresponding to different buckling class are presented in 
non-dimensional form, in Fig. 5. 


48 





























IRC:24-2010 


Table 4 Buckling Class of Cross-Sections 
(Clause 507.1.2.2) 


Cross Section 


Limits 


Buckling 
about axis 


Buckling 

Class 


Rolled I-Sections 



h/bf >1.2: ^ 40 mm 


40 mm< <100 mm 


■"Z 


z-z 

y-y 

z-z 

y-y 


h/bf< 1.2 : tf < 100 mm 


t, >100 mm 


z-z 

z-z 


a 

b 

b 

c 


b 

c 

d 

d 


Welded I-Sections 


r 

u\< . 


I 

1 






It . -X 




tf < 40 mm 


?^>40mm 


z-z 

7-7 

z-z 

7-7 


k 


b 

c 

c 

d 


Hollow-Sections 


Hot rolled 


Any 


Cold formed 


Any 


Welded Box Sections 


Generally 
(Exeept as below) 


Any 


Thiek welds and 


-4-H 


bltf< 30 


hit < 30 


z-z 


7-7 


Channel, Angle, T and Solid Sections 

y 


I 

-I 




Any 


Built-up Member 


i.v 




Any 


-- z 


' I 
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Fig. 5 Buckling Curves for Compression Members 


507.2 Effective Length 

507.2.1 The effective length, KL is calculated from the member length, L, of the member, 
considering the rotational and relative translational boundary conditions at the ends. The 
member length shall be taken as the length from centre to centre of its intersections with the 
supporting members in the plane ofthe buckling deformation. In the case of a memberwith 
a free end, the free standing length from the centre ofthe intersecting memberatthe supported 
end, shall be taken as the member length. 

507.2.2 Where the boundary conditions in the plane of buckling can be assessed, the 
effective length KL, can be calculated on the basis of Table 7. 

507.2.3 In the case of bolted, riveted or welded trusses and braced frames, the 
effective length, iCL ofthe compression members should generally follow Clause 508 under 
"Design ofTrusses orOpen-web Girders" ofthis code. In the case of members oftrusses for 
buckling in the plane perpendicularto the plane ofthe truss, the effective length, iashall be 
taken as the distance between the centres of intersection. The design of angle struts shall be 
as specified in Clause 507.5. 

507.3 Design Details 

507.3.1 Thickness of plate elements - The classification of members on the basis of 
thickness of constituent plate elements shall satisfy the width-thickness ratio requirements 
specified in Table 2. 
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Table 5a Stress Reduction Factor,;2f, for Buckling Class a 
(Clause 507.1.2.1 and 507.1.2.2) 
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Table 5b Stress Reduction Factor,;2f, for Buckling Class b 
(Clause 507.1.2.1 and 507.1.2.2) 
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Table 5c Stress Reduction Factor,;2f, for Buckling Class c 
(Clause 507.1.2.1 and 507.1.2.2) 


IRC:24-2010 
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Table 5d Stress Reduction Factor,;2r' For Buckling Class d 
(Clause 507.1.2.1 and 507.1.2.2) 


IRC:24-2010 
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Table 6a Design Compressive Stress,(MPa), For Buckling Class a 

(Clause 507.1.2.1) 


IRC:24-2010 
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Table 6b Design Compressive Stress,(MPa), For Buckling Class b 

(Clause 507.1.2.1) 


IRC:24-2010 
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Table 6c Design Compressive Stress,(MPa), For Buckling Class c 

(Clause 507.1.2.1) 


IRC:24-2010 
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Table 6d Design Compressive Stress,(MPa), For Buckling Class d 

(Clause 507.1.2.1) 
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Table 7 Effective Length of Prismatic Compression Members 

(Clause 507.2.2) 


Boundary Conditions 

Schematic 

Representation 

Effective 

Length 

At one end 

At the other end 

Translation 

Rotation 

Translation 

Rotation 

Restrained 

Restrained 

Free 

Free 

t 

\ 

\ 

\ 

t 


2.0L 

Free 

Restrained 

Restrained 

Free 

~ir)n 000 

f 

Restrained 

Free 

Restrained 

Free 

/ 

f 

t 

t 

1 

\ 

\ 

K 

r 

l.OL 

Restrained 

Restrained 

Free 

Restrained 

\ 

\ 

\ 

\ 

\ 

f 

\ 

1.2L 

Restrained 

Restrained 

Restrained 

Free 

/ 

/ 

t 

1 

\ 

\ 

\ 

\ 

i/ 

0.8L 

Restrained 

Restrained 

Restrained 

Restrained 

! 

f 

/ 

1 

\ 

\ 

S 

V 


0.65L 


NOTE ; L is the unsupported length of the compression member (7.2.1) 
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507 . 3.2 Effective sectional area - Except for Class 4 (slender section) in Clause 

503 . 7.2 the gross sectional area shall be taken as the effective sectional area for all 
compression members fabricated by welding, bolting and riveting so long as the section is 
semi-compactor better. Holes not filled with rivets, bolts or pins shall be deducted from 
gross area to calculate effective sectional area. 

507 . 3.3 Eccentricity for coiumns 

Forthe purpose of determining the stress in the section of a column, the reactions from the 
connecting member or similar loads shall be assumed to be applied at an eccentricity of 
100 mm from the face of the section oratthe centre of bearing whichever dimension gives 
the greater eccentricity, and with the exception of the following two cases : 

a) In the case of cap connection, the load shall be assumed to be applied at 
the face of the column section or atthe edge of packing, if used towards 
the span of the beam. 

b) In the case of a truss bearing on a cap, no eccentricity need to be taken 
for simple bearings without connections, capable of developing any 
appreciable moment. In case of web memberconnection with face, actual 
eccentricity is to be considered. 

507 . 3.4 Spaces 

507.3.4.1 Where the ends of compression members are prepared for bearing overthe 
whole area, they shall be spliced to hold the connected members accurately in position, and 
to resist bending ortension, if present. Such splices should maintain the intended member 
stiffness about each axis. Splices should be located as close to the point of inflection as 
possible. Otherwise their capacity should be adequate to carry moment (see Ciause 
510 . 3 . 2 . 2 ). The ends of compression members faced forbearing shall invariably be machined 
to ensure perfect contact of surfaces in bearing. 

507.3.4.2 Where such members are not faced for complete bearing, the splices shall 
be designed to transmit all the forces to which the members are subjected. 

507.3.4.3 Wherever possible, splices shall be proportioned and arranged so that the 
centroidal axis of the splice coincides as nearly as possible with the centroidal axes of the 
members being jointed, in orderto avoid eccentricity: but where eccentricity is present in the 
joint, the resulting stress shall be accounted for. 

Wherever possible both surfaces of the parts spliced shall be covered orother means taken 
to maintain the alignmentof the abutting ends. 
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507.3.4.4 Splices in compression members located at or near effectively braced 
panel points shall be designed to transmit design strength of the member. All other 
splices in compression members shall have a sectional area 5 percent more than that 
required to develop the design strength in the member. All cover materials shall, as far 
as practicable, be so disposed with respect to the cross-section of the 
member so as to transmit the proportional load of the respective parts of the section. 
Rivets, bolts or welds shall develop the full strength in the cover material as defined 
above. 

507.3.4.5 Where flexural tension may occur in the member, the cover material shall be 
designed to resistsuch tension. 

507.4 Base Plates 

507.4.1 General 

507.4.1.1 Base plates of compression members should have sufficient stiffness and 

strength to transmit axial force, bending moments and shear forces at the base of the 
compression members to their foundation without exceeding the load carrying capacity of 
the supports. Anchor bolts and shear keys should be provided wherever necessary. Shear 
resistance atthe propercontactsurface between steel base and concrete/grout and bearing 
pressure between the plate and supportshall be determined and computed as per provisions 
oflRC:78. 


507.4.1.2 If the size of the base plate is larger than that required to limit the bearing 
pressure on the base support, an equal projection, c, of the base plate beyond the face of 
the compression member and gusset may be taken as effective in transferring the column 
load as given in Fig. 6, such that beam pressure at the effective area does not exceed 
bearing capacity of concrete base. 



Fig. 6 Effective Area of Base Plate 
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507.4.2 Gusseted bases 

In gusseted bases, the gusset plates, angle cleats, stiffeners, fastenings, etc. in combination 
with the bearing area of the shaft, shall be sufficientto take the loads, bending moments and 
reactions to the base plate without exceeding specified strength. All the bearing surfaces 
should be machined to ensure perfect contact. 

507.4.2.1 Where the ends of the compression member and the gusset plates are not 
faced forcomplete bearing, the welding, fastenings connecting them to the base plate shall 
be sufficientto transmit all the forces to which the base is subjected. 

507.4.2.2 Compression member and base plate connections-Where the end of the 
compression member is connected directly to the base plate by means of full penetration 
buttwelds, the connection shall be deemed to transmit to the base all the forces and moments 
to which the compression member is subjected. 

507.4.3 Slab bases 

Compression members with slab bases need not be provided with gussets, but sufficient 
fastenings shall be provided to retain the parts securely in place and to resist all moments 
and forces, otherthan direct compression, including those arising during transit, unloading 
and erection. 

507.4.3.1 The minimum thickness, of rectangular slab bases, supporting members 
underaxial compression shall be 

l, = j2.5w(a--0.3fc^)y„„/4 >,, 

where 

w = uniform pressure from below on the slab base underthe factored load 
axial compression 

a,b = larger and smaller projection of the slab base beyond the rectangle 
circumscribing the compression member respectively 

tj. = flange thickness of compression member 

When only the effective area ofthe base plate is used as in Clause 507.4.1.1, 
c^ may be used in the above equation (See Fig. 6) instead of (a^ - 0.3b^). 

507.4.3.2 When the slab base does not distribute the load uniformly, due to 
eccentricity ofthe load etc., special calculation shall be made to show thatthe base 
is adequate to resistthe momentdue to the non-uniform pressure from below. 
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507.4.3.3 Bases for bearing upon concrete or masonry need not be machined on the 
underside. 

507.4.3.4 In cases where the cap or base is fillet welded directly to the end of the 
compression memberwithout boring and shouldering, the contact surfaces shall be machined 
to give a perfect bearing and the welding shall be sufficientto transmit the forces as required 
in Clause 507.4.3. Where full strength butwelds are provided, machining ofcontactsurfaces 
is not required. 

507.5 Angle Struts 

507.5.1 Single angle struts - The compression in single angles may be transferred 
eitherconcentrically to its centroid through end gussetoreccentrically by connecting one of 
its legs to a gussetor adjacent member. 

507.5.1.1 Concentric loading - When a single angle is concentrically loaded in 
compression the design strength may be evaluated using Clause 507.1.2. 

507.5.1.2 Loaded through one leg - The flexural torsional buckling strength of single 
angle loaded in compression through one of its legs may be evaluated using the equivalent 
slenderness ratio, , as given below: 



where 


kj, k^,k^ = constants depending upon the end condition, as given in Table 8 



where 


I = centre-centre length of the supporting member 
= radius of gyration aboutthe minoraxis 
bj, 5^= width of the two legs of the angle 
t = thickness ofthe leg 

£ = yield stress ratio (250//J°^ 
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Table 8 Constants k^, and k^ 
(Clause 507.5.1.2) 


No. of bolts at 

each end connection 

Gusset/Connecting 
member Fixity * 


K 

K 

>2 

Fixed 

0.20 

0.35 

20 

Hinged 

0.70 

0.60 

5 

1 

Fixed 

0.75 

0.35 

20 

Hinged 

1.25 

0.50 

60 


* Stiffness of in-plane rotational restraint provided by the gusset/connecting 
member. For partial restraint, the X, can be interpolated between the x, results 
for fixed and hinged cases. 

507.5.2 Double angle struts 

507.5.2.1 Fordouble angle discontinuous struts, connected backto back, on opposite 
sides ofthe gussetora section, by notless than two bolts orrivets in line along the angles at 
each end, orby the equivalentin welding, the load may be regarded as applied axially. The 
effective length, KL, in the plane of end gussetshall be taken as between 0.7 and 0.85 times 
the distance between intersections, depending on the degree ofthe restraints provided. The 
effective length, KL, in the plane perpendicular to that ofthe end gusset, shall be taken as 
equal to the distance between centres of intersections. The calculated average compressive 
stress shall notexceed the values based on Clause 507.1.2. The angles shall be connected 
together over their lengths so as to satisfy the requirements of Clauses 507.6 and 512. 

507.5.2.2 Double angle discontinuous struts connected back-to-back, to one side of a 
gussetorsection by one ormore bolts orrivets in each angle, orby the equivalentin welding, 
shall be designed in accordance with Clause 507.5.2 and the angles shall be connected 
together over their lengths so as to satisfy the requirements of Clauses 507.6 and 512. 

507.5.3 Continuous members: Double angle continuous struts such as those forming 
the chords or ties of trusses or trussed girders, or the legs of towers shall be designed as 
axially loaded compression members, and the effective length shall be taken in accordance 
with Clause 508. 

507.5.4 Combined stresses.- In addition to axial loads, if the struts carry loads, which 
cause transverse bending, the combined bending and axial stresses shall be checked in 
accordance with Clause 510 of this code. 
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507.6 Compression Members Composed of Two Components Back-to-Back 

507.6.1 Compression members composed of two angles, channels or tees back 
to back in contact or separated by a distance not exceeding 50 mm shall be connected 
together by riveting, bolting or welding, so that maximum ratio of the slenderness of each 
component of the member between such connections is notgreaterthan 40 orO.6 times 
the maximum ratio of slenderness of the member as a whole, whichever is less. 

The numberofconnections shall be such thatthe memberis divided into notless than three 
approximately equal parts. 

507.6.2 Where the members are separated back-to-back the rivets or bolts in these 
connections shall pass through solid washers or packings, and where the connected angles, 
legs ortables oftees are 125 mm wide oroverorwhere webs of channels are 150 mm wide 
orover, notless than two rivets orbolts shall be used in each connection, one on the line of 
each gauge mark. 

507.6.3 Where these connections are made by welding, solid packings shall be used to 
effectthe jointing unless the members are sufficiently close togetherto permit butt welding, and 
the members shall be connected by welding along both pairs of edges of the main components. 

507.6.4 The rivets, bolts or welds in these connections shall be sufficientto carry the 
shearforces and the moments specified for battened struts and in no case shall the rivets or 
bolts be less than 16 mm. dia for members upto and including 10 mm thick; 20 mm dia for 
members upto and including 16 mm thick; and 22 mm dia for members over 16 mm thick. 

507.6.5 Compression members connected by such riveting, bolting or welding shall 
not be subjected to transverse loading in a plane perpendicular to the riveted, bolted or 
welded surfaces. 

507.6.6 Where components are in contact back-to-back riveting, bolting or 
intermittent welding shall be done in accordance with applicable clauses. 

507.7 Lacing and Battening 

507.7.1 The open sides of built-up compression members of channel or beam 
sections shall be connected by lacing or battening where the length of the outstand 
towards the open side exceeds 16 times the mean thickness of the outstand for steel 
conforming to IS 2062, upto Grade E 250 (Fe 410W) and 14 times the mean thickness of 
the outstand for steel conforming to IS 2062, Grade E300 (Fe 440W) and above. 

507.7.2 Lacing and battening plates shall be designed in accordance with Clauses 

507.8 and 507.9 and shall be proportioned to resist a total transverse shear force y, at any 
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pointin the length ofthe memberequal to atleast2.5 percent ofthe axial force in the member 
together with all sheardue to external forces, if any, in the plane of lacing. The shearforce 
shall be considered as divided equally among all transverse system and plating in parallel 
planes. 

507.7.3 Compression members composed of two or more components connected 
as described in Clauses 507.6, 507.8 and 507.9 may be designed as homogeneous 
members. 

507.8 Design of Lacings 

507.8.1 As far as practicable, the lacing system shall not be varied throughout the 
length ofthe compression member. 

507.8.2 Lacing bars shall be inclined atan angle of 40° to 70° to the axis ofthe member 
where a single intersection system is used, and at an angle of 40° to 50° where a double 
intersection system is used. 

507.8.3 Exceptfortie plates as specified in Clause 507.8.8 below, double intersection 
lacing systems shall not be combined with members of diaphragms perpendicular to the 
longitudinal axis of the main member, unless all forces resulting from deformation are 
calculated and provided for in the lacing and its fastenings. 

507.8.4 Lacing bars shall be so connected thatthere in no appreciable interruption of 
the triangulation ofthe system. 

507.8.5 The maximum spacing of lacing bars whether by welding, riveting or bolting 
shall be such that the effective slenderness ratio ofthe components ofthe compression 
memberbetween consecutive connections ofthe lacing bars to one componentis notgreater 
than 50 orO.7 times the maximum ratio of slenderness ofthe memberas a whole whichever 
is lesser. 

507.8.6 The lacing shall be proportioned to resist a total transverse shear, at any 
point in the member in the mannerdefined in Clause 507.7.2. 

507.8.7 For members carrying calculated bending stress due to eccentricity of loading, 
applied end moments and/or lateral loading, the lacing shall be proportioned to resist the 
actual sheardue to bending, in addition to thatspecified in Clause 507.8.6. 

507.8.8 The effective slenderness ratio KL/r ofthe lacing bars shall not exceed 140. 
Forthis purpose the effective length i^L shall be taken as follows : 

a) In riveted or bolted construction - the length between the inner ends of 
rivets or bolts ofthe lacing bar in single intersection lacing and 0.7 times 
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this length for double intersection lacing effectively connected at 
intersections. 

b) In welded construction - the distance between the inner ends of 
effective lengths of welds connecting the bars to the components in 
single intersection lacings and 0.7 times this length for double 
intersection lacing effectively connected at intersections. 

507.8.9 Lacing bars shall be connected to the main members either by riveting or 
bolting by one or more rivets or bolts, in line along the lacings or by welding at each end 
sufficientto transmit the load to the bars. Any eccentricity of the connection with respectto 
the centroid of the lacing bar may be ignored and the lacing designed as an axially loaded 
strut. Where welded lacing bars overlap the main component, the amountof lap shall be not 
less than fourtimes the thickness ofthe barorfourtimes the mean thickness ofthe flange of 
the componentto which the bars are attached, whichever is less . Welding shall be provided 
atleastalong each side ofthe barforthe full length ofthe lap and returned along the ends of 
the bar for a length equal to at least four times the thickness ofthe bar or width ofthe bar 
whichever is less. 

Where lacing bars are fitted between the main components they shall be connected to 
each component by filletwelds on both sides ofthe baror by full penetration buttwelds. 

507.8.10 Laced compression member shall be provided with tie plate at the ends of 
the lacing systems, at points where the lacing systems are interrupted and where the member 
is connected to another member. 

507.8.11 The length of end tie plates measured between end fastenings along the 
longitudinal axis of the member shall not be less than (a) the perpendicular distance 
between the lines of rivets connecting them to the flanges or (b) the distance between 
vertical side plates ofthe main chords whicheveris greaterand shall be atleastequal 
to (c) the depth ofthe cross girders where these are directly attached to the struts and 
the length of intermediate tie plates shall be not less than three-quarter of (a) above. 

507.8.12 The thickness of tie plates shall not be less than 1/50 ofthe distance between 
the innermost lines of rivets, bolts or welds except when effectively stiffened atthe free edges 
in which case the minimum thickness may be 8 mm. Forthis purpose the edge stiffenershall 
have a slenderness ratio notgreaterthan 170. 

507.8.13 Tie plates and their fastenings (calculated in accordance with the method 
described for battens) shall be capable of carrying the forces for which the lacing system is 
designed. 
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507.8.14 When angles, channels, etc, are used instead of end tie plates or are provided 
where the lacing system is interrupted, these shall be designed by the same method as for 
battens. The end batten or the intermediate batten and its fastenings shall be capable of 
carrying the forces forwhich the lacing has been designed. The effective slenderness ratio 
shall notexceed 140. 

507.9 Design of Battens 

Battened compression members shall comply with the following requirements: 

507.9.1 The battens shall be placed opposite each other at each end of the member 
and at points where the member stayed in its length and shall, as far as practicable, be 
spaced and proportioned uniformly throughout. The numberof battens shall be such thatthe 
member is divided into not less than three bays within its actual length between centre to 
centre of connections. 

507.9.2 In battened compression members when the effective slenderness ratio about 
the axis perpendicular to the battens is not more than 0.8 times the ratio about the axis 
parallel to the battens, the spacing of battens between centre to centre of end fastenings 
shall be such thatthe slenderness ratio of the lesser main componentoverthis distance shall 
notbe greaterthan 50 orO.7 times the ratio of slenderness ofthe memberas a whole about 
its axis parallel to the battens. In case it is more than 0.8 times the ratio about the axis 
parallel to the battens, the spacing of battens between centre to centre of end fastenings 
shall be such thatslenderness ratio ofthe lesser main componentoverthis distance shall not 
be greater than 50 or 0.7 times of slenderness ratio of the member as a whole about it 
weaker axis. 

507.9.3 Battens shall be plates, channels or I sections and shall be riveted, bolted or 

welded to the main components. Battens and their connections shall be so designed that 
they resistsimultaneously a longitudinal shearforce equal to and a moment equal to 

vp/2n where 

D = the longitudinal distance between centre-to-centre of battens. 

a = the minimum transverse distance between the centroids of rivet or bo It groups 
orwelding. 

y, = the transverse shearforce as defined in Clause 507.7.2 

n = the numberof parallel planes of battens 
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507.9.4 The effective length of a batten parallel to the axis of a member shall be 
taken as the longitudinal distance between the end fastenings. E nd battens shall have an 
effective length of not less than (a) the perpendicular distance between the lines of rivets 
connecting them to the components, or (b) the distance between the vertical side plates of 
the main chords whichever is greater and shall be at least equal to (c) the depth of the 
cross girders where these are directly attached to the struts; and intermediate battens 
shall have an effective length of not less than 3/4 of (a) above, but in no case shall the 
length (of any batten) be less than twice the width ofthe smallercomponentin the plane of 
the battens. 

507.9.5 The thickness of batten plates shall not be less than 1/50 of the minimum 
distance between the innermost lines of connecting rivet, bolts or welds, except when 
effectively stiffened at the free edges, in which case the minimum thickness may be 
8 mm; for the purpose the edge stiffeners shall have a slenderness ratio not greater 
than 170. 

507.9.6 Battened compression members not complying with these requirements, or 
those subjected to bending moments in the plane ofthe battens shall be designed according 
to the theory of elastic stability, or empirically with verification by tests, so thatthey have a 
load factor of not less than 1.7. 

507.9.7 Battened compression membercomposed oftwo angles forming a cruciform 
cross-section shall conform to the above requirements except as follows : 

a) the battens shall be in pairs placed in contactone againstthe other, unless 
these are welded to form cruciform battens. 

y, 

b) a transverse shearforce shall be taken as occurring separately about 
each rectangular axis ofthe whole member. 

V,D Vp 

c) a longitudinal shearforce of and the moment shall be taken in 

respectof each batten in each ofthe two planes, exceptwhere the effective 
slenderness ratio can occurabouta rectangularaxis, in which case each 
battens shall be designed to resista shearforce of 2.5 percent ofthe total 
axial force. 

NOTE : V^,D and a are as defined in Clause 507.9.3 
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508 DESIGN OF TRUSSES OR OPEN-WEB GIRDERS 

508.1 General 

Trusses or open web girders are defined as triangulated skeletal girders. The design of 
individual members and connections should be made in accordance with this Clause in 
conjunction with Clauses 506, 507, and 512 as appropriate. 

508.2 Analysis 

For analysis of trusses the following assumption may be made unless rigorous rigid frame 
analysis is adopted : 

a) All members are frictionless pin jointed. 

b) All members are straightand free to rotate atthe joints. 

c) All loads including self weightof members are applied atthe joints 

Stipulations made in this section are notapplicable fordesign of stiffening 
trusses of suspension bridges. 

508.3 Intersection at J oints 

Fortriangulated trusses designed on the assumption offrictionless pin jointed connections, 
members meeting ata jointshould, where practicable, have theircentroidal axes meeting 
at a point, and wherever practicable the centre of resistance of a connection shall lie on 
the line of action ofthe load so as to avoid an eccentricity momenton the connections. 

If, ata joint, the centroidal axes ofthe adjacent members do not meet at a single point, the 
resulting flexural stresses in the members should be taken into account as secondary stress. 

Where loads are not applied at truss joints, account should be taken of the 
following: 

a) resulting stresses where load is applied to a member in the plane of a 
truss otherthan ata joint 

b) torsion and lateral flexure effects when the applied load is not in the 
plane ofthe truss. Where the load is applied to a cross-member, the 
effect of interaction between the cross-memberso loaded and the truss 
and adjacentcross-membershould be taken into account. 

508.4 Effective Length of Compression Members 

508.4.1 In riveted, bolted or welded trusses the compression members act in a complex 
mannerand the effective lengths KL of such members shall be taken as given in Table 9for 
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computing their design strengths. For battened compression members, all values given in 
Table 9 shall be increased by 10 percent. 


Table 9 Effective Length of Compression Members 




Effective length KL of member 




For buckling normal to the plane 
of the truss 


Member 

For buckling in the 
plane of the truss 

Compression chord 
or (compression) 
member effectively 
braced by lateral 
system 

Compression chord 
or (compression) 
member unbraced 

Chords 

0.85 X distance 
between centres of 
intersection with the 
web members 

0.85 X distance 
between centres of 
intersection with 
the lateral bracing 
members or rigidly 
connected cross 
girders 

See Clause 

508.4.4 


Single 

triangulated 

system 

0.70 X distance 
between centres of 
intersection with the 
main chords 

0.85 X distance 
between centres of 
intersections 

Distance between 
centres of 
intersection 

Web 

Multiple 
intersection 
system where 
adequate 
connections 
are provided 
at all points 
of intersection 

0.85 X greatest 
distance between 
centres of any two 
adjacent intersection 

0.70 X distance 
between centres of 
intersection with the 
main chords 

0.85 X distance 

between centres of 
intersection with 
the main chords 


NOTE : The intersection referred to are those of the centroidal axis of the members. 


508.4.2 Forsingle angle discontinuous strut connected to gussets orto a section either 
by riveting or bolting by not less than two rivets or bolts in line along the angle ateach end, or 
by their equivalent in welding, the eccentricity of the connection with respect to the centroid 
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of the strut may be ignored and the strut designed as an axially loaded member provided 
that the calculated average stress does not exceed the design stressgiven in Clause 

507.1.2 in which effective length "KL" is the length of the strut, centre-to-centre of fastenings 
ateach end and V' is the minimum radius of gyration. 

508.4.3 Forsingle angle discontinuous struts intersected by, and effectively connected 
to another angle in cross bracing, the effective length in the plane of bracings shall be taken 
as in Table 9 and normal to the plane of bracing the effective lengths shall be taken as the 
distance along the bracing members between the points of intersection and the centroids of 
the main member. In calculating the slenderness ratio, the radius of gyration about the 
appropriate rectangular axis shall be taken for buckling normal to the plane of the bracing 
and the least radius of gyration for buckling in the plane of the bracing. 

508.4.4 Effective length of unbraced compression chords 

Forsimply supported trusses with ends restrained atthe bearings againsttorsion, the effective 
length of the compression chord for buckling normal to the plane of the truss shall be taken 
as follows : 

a) With no lateral support to compression chord; where there is no lateral 
bracing between compression chords and no cross frames: 

KL = span 

b) With compression chords supported by U frames, where there is no lateral 
bracing ofthe compression chord butwhere cross-members and verticals 
forming U frames provide lateral restraints: 

KL = 2.5 X ^EiaS but not less than "a" 

where 

E =Young's Modulus 

I =maximum moment of inertia of compression chord aboutthe axis lying 
in the plane ofthe truss. 

a =distance between frames, and 

d =the virtual lateral displacement of the compression chord atthe frame 
nearest mid span ofthe truss, taken as the horizontal deflection. This 
deflection shall be computed assuming thatthe cross-member is free to 
deflect vertically and thatthe tangentto the deflection curve atthe centre 
of its span remains parallel to the neutral axis ofthe unrestrained cross¬ 
member. 
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When 5 is notqreaterthan- 

^ 40EI 


KL = a 


In case of symmetrical U frames, where cross-member and verticals are each 
of constant momentof inertia throughout theirown length; it may be assumed 
that: 


(d, f ^ (d^ fb 
3EI, EI 2 


where 

=distance of the centroid of the compression chord from 

the top of the cross-member, 

=distance of the centroid of the compression chord from 

the neutral axis ofthe cross-member, 

b =halfthe distance between centres ofthe main trusses, 

E =Young's Modulus, 

/j =momentof inertia ofthe vertical in its plane of bending, and 

4 =momentof inertia ofthe cross-member in its plane of bending 

U frames shall have rigid connections and shall be designed to resist, in 
addition to the effects of wind and other applied forces, the effects of a 
horizontal force F acting normal to the compression chord ofthe truss at 
the level ofthe centroid of this chord where: 

^ _ 1.4xlO~^^L 

J 

In the above formula : 

KL = 2.5 X i/ElaS 

5 =the deflection ofthe chord underthe action of unit horizontal force F 

n^E 

= Euler buckling stress in chord = 
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where 

E =Young's Modulus 

r =radius of gyration 

f =calculated stress in the chord. 

c) with compression chord supporting continuous deck 

A compression chord continuously supporting a reinforced concrete 
or steel deck shall be deemed to be effectively restrained laterally 
throughout its length (e.g., KL = 0) if the friction or positive connection 
of the deck to the chord is capable of resisting a lateral force, distributed 
uniformly along its length of 2.5 percent of the maximum force in the 
chord, in addition to other lateral forces. 

508.5 Effective Slenderness Ratio of Compression Members 

Effective slenderness ratio KL/r of a compression member shall not exceed 120 for main 
members and 140 forwind bracings and subsidiary members. 

508.6 Connections at Intersection 

508.6.1 Connections of members at an intersection shall develop at least the 
design loads and moments transmitted by the members. Due regard to the nature and 
distribution of stress over the cross-section of the members shall be given in 
determining the distribution of the fastenings. All members shall, where possible, be 
so connected thatthe load is appropriately distributed overthe cross-section; otherwise, 
consideration shall be given to the distribution of stress through the material to those 
parts of the section notdirectly connected, and forthis purpose the angle of distribution 
may be taken as 45°. 

508.6.2 Gusset shall be capable of sustaining the design loads and moments 
transmitted by the members. 

508.6.3 Gusset plates shall be so shaped and connectors so arranged as to avoid 
stress concentrations. 

508.6.4 Rivet, bolt and welding groups shall be as compact as practicable. 
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508.7 Lug Angles 

508.7.1 Lug angles connecting a channel orsimilarmembershall, as faras possible, 
be disposed symmetrically with respectto the section of the member. 

508.7.2 In the case of angle members the lug angles, and theirconnection to the gusset 
or other supporting member, shall be capable of developing a strength not less than 
20 percent in excess of the force in the outstanding leg of the angle and the attachment of the 
lug angles to the angle member shall be capable of developing a strength 40 percent in 
excess ofthatforce. 

508.7.3 In the case of channel or similar members, the lug angles, and their 
connection to the gusset or other supporting member, shall be capable of developing 
a strength not less than 10 percent in excess of the force not accounted for by the 
direct connection of the memberand the attachment of the lug angles to the member 
shall be capable of developing a strength 20 percent in excess of that force. 

508.7.4 In no case shall less than two bolts or rivets be used for attaching the lug 
angle to the gussetorothersupporting member. 

508.7.5 The effective connection of the lug angle shall, as far as possible terminate 
atthe end ofthe memberconnected, and the fastening of the lug angle to the membershall 
preferably start in advance ofthe direct connection ofthe memberto the gusset etc. 

508.8 Section at Pin Holes in Tension Members 

In Pin-connected tension members (generally used forerection purpose) the longitudinal 
netsection beyond the pin hole parallel with the axis ofthe membershall be notless than 
the required netsection ofthe member. The netsection through the pin hole transverse 
to the axis ofthe membershall be atleast33 percentgreaterthan the required netsection 
ofthe member. In the case of members without stiffened edges the ratio ofthe netwidth 
ofthe members (through the pin hole transverse to the axis ofthe member) to its thickness 
shall not be more than 16. Where the thickness ofthe main material is not sufficient to 
resistthe load from the pin in bearing, or where the netsection through the pinhole requires 
reinforcement, pin plates (see Clause 508.9 below) shall be provided and the total 
thickness shall comply with the above requirements. 

508.9 Pin Plates 

Pin plates shall be of sufficient thickness to make-up the required bearing or cross- 
sectional area and shall be so arranged as to reduce the eccentricity to a minimum. 
Their length measured from the centre of the pin to the end (on the reaction side) 
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shall be atleastequal to theirwidth and atleastone plate on each side shall be as wide as 
the dimensions of the member will allow. Pin plates shall be connected with enough rivets, 
bolts or welds to transmit the bearing pressure on them and shall be so arranged as to 
distribute it uniformly overthe full section of the member. 

508.10 Diaphragms in Members 

In addition to diaphragms required for the proper functioning of the structure, diaphragms 
shall be provided as necessaryforfabrication, transportand erection. 

508.11 Lateral Bracings 

508.11.1 Girders shall be provided with a lateral bracing system extending from end- 
to-end of sufficient strength designed to transmit the effectof wind, seismic and centrifugal 
forces, if any to the bearings. Bracing system need not be provided if alternative system for 
lateral load transfer has been catered fore.g., by rigid deck. 

508.11.2 The bracing on the loaded chord shall be so designed as to transmit to the 
main girders the longitudinal loads due to tractive effort and/or braking effect in order to 
relieve the cross girders of horizontal bending stress. 

508.11.3 Where the depth permits, lateral diagonal bracings shall be fixed between the 
top chords of main girders ofthrough span, ofsufficient rigidity to maintain the chords in line and 
of sufficient strength to transmit the wind or seismic forces to the portal bracing between end 
posts. 

The floorsystem may be taken as partof the bracing system provided it is designed forthat 
purpose. 

508.11.4 The lateral bracings between compression chords shall be designed to resist 
a transverse shearatany section equal to 2.5 percentof the total compressive force carried 
by both the chords at the section under consideration. This force should be considered in 
addition to the wind, and centrifugal forces. 

508.11.5 Sway bracings 

Whereverthe depth ofgirderallows, the intermediate cross bracings orsway bracings between 
vertical web members shall be proportioned to transmit to the chord supported on bearings 
through the web members atleastSO percentofthe panel lateral load and the vertical members 
shall be designed to resist the resulting bending moment. The sway bracing so provided 
shall not be taken as affording any relief to the lateral bracing system or portal system. 
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508.11.6 Portal bracings 

Through truss spans shall be provided with suitably designed portal system, as deep 
as the clearance will allow. The portal system shall be designed to take the full end 
reaction of the top chord lateral system and the end posts of the portal shall be 
designed to transferthis reaction to the bearings. In addition, the portal system shall 
be designed to resist a lateral shear equal to 1.25 percent of the total compressive 
force in the end posts or in the top chords in the end panel whichever is greater. 

509 DESIGN OF BEAMS AND PLATE GIRDERS 

509.1 General 

509.1.1 Beams are defined as members with solid webs (or with openings in 

accordance with Clause 509.1.4), including members of rolled and hollow section, and plate 
girders subjected primarily to bending. 

509.1.2 Beams shall satisfy the deflection limitation presented in Clause 504.5 ofthis 

Code. 

509.1.3 The effective span of a beam shall be taken as the distance between the 
centres ofthe supports. 

509.1.4 Openings 

509.1.4.1 Any openings in webs or compression flanges should be framed and the 
stiffened section designed for local load effects, including secondary bending. Alternatively, 
openings in webs may be unstiffened provided thatthey meetthe provisions of Clause 509.2. 

All corners should be rounded with a radius of atleastone-quarterofthe leastdimension of 
the hole. 

509.1.4.2 Openings in a web may be unstiffened provided that: 

a) the overall greatest internal dimension does notexceed one-tenth of 
the depth ofthe web, nor, for longitudinally, stiffened webs, one-third 
ofthe depth ofthe panel containing the opening; 

b) the longitudinal distance between the boundaries of adjacentopenings 
is atleastthree times the maximum internal dimension; 

c) not more than one opening is provided at any cross-section. 
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509.2 Design Strength in Bending (Flexure) 

The design bending strength of beam, adequately supported againstlateral torsional buckling 
(laterally supported beam) is governed by the yield stress (Clause 509.2.1), When a beam is 
notadequately supported againstlateral buckling (laterally unsupported beams) the design 
bending strength may be governed by lateral torsional buckling strength (Clause 509.2.2), 

The factored design moment, M atany section in a beam due to external loads shall satisfy 
the following requirement: 


M<M, 

a 

where, = design bending strength of the section, calculated as given in 
Clause 509.2.1.2. 

509.2.1 Laterally supported beam 

A beam may be assumed to be adequately supported provided the compression flange 
has full lateral restraintand nominal torsional restraint at supports suitably imparted by 
web cleats, partial depth end plates, fin plates orcontinuity with the adjacentspan. Full 
lateral restraints compression flange may be assumed to exist, if the frictional or 
other positive restraint of a structural connection to the compression flange of the 
member is capable of resisting a lateral force not less than 2,5 percentof the maximum 
force in the compression flange of the member. This may be considered to be uniformly 
distributed along the flange, provided gravity loads constitute the dominant loading on 
the member and the deck construction is capable of resisting this lateral force. 

The design bending strength of a section which is not susceptible to web buckling under 
shear before yielding (where d/t^<67£ ) shall be determined according to Clause 509.2.1.2, 

509.2.1.1 Section with web susceptible to shear buckling before yielding - When the 
flanges are plastic, compactorsemi-compactbutthe web is susceptible to shear buckling 
before yielding (i,e, d/t^<^le), the design bending strength shall be calculated using one of 
the following methods: 

a) The bending momentand axial force acting on the section may be assumed 
to be resisted by flanges only and the web is designed only to resistshear 
(Clause 509.4), 

b) The bending moment and axial force acting on the section may be 
assumed to be resisted the whole section. In such a case, the web 
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shall be designed for combined shear and normal stresses using 
simple elastic theory in case of semi-compact webs and simple plastic 
theory in the case of compactand plastic webs. 

509.2.1.2 When the factored design shearforce does not exceed 0.6 f/, where y^is the 
design shear strength of the cross-section (Clause 509.4), the design bending strength, M^, 
shall be taken as 


To avoid irreversible deformation underserviceability loads, M^shall be less than \.2ZJJr,^ 
in case of simply supported and 1.5 in cantilever beams. 

where 


= 1.0 for plastic and compactsections. 
p = z/z^ forsemi-compactsections 

Zp,z^ = plastic and elastic section moduli of the cross-section, respectively 
= yield stress of the material 
= partial safety factor (Clause 503.4) 

509.2.1.3 When the design shearforce (factored), V, exceeds 0.6 , where is the 

design shearstrength ofthe cross-section (Clause 509.4), the design bending strength, 
shall be taken as : 


M=M^ 

a dv 

where = design bending strength under high shear as defined in Clause 510.2. 

509.2.1.4 Holes in the tension zone 

a) The effect of holes in the tension flange, on the design bending strength 
need not be considered if 

(AyAj>(f/fj(r^jrj/o.9 

where 

A^^/A^ = ratio of net to gross area of the flange in tension 

f/f^^ = ratio of yield and ultimate stress ofthe material 

r„^,lr,„o = ratio of partial safety factors against ultimate to yield stress 
(Clause 503.4) 
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When AyA^does notsatisfy the above requirement, the reduced effective 
flange area, A ^satisfying the above equation may be taken as the effective 
flange area in tension, instead of A^ 

b) The effect of holes in the tension region of the web on the design flexural 
strength need not be considered, if the limitgiven in (a) above is satisfied 
forthe complete tension zone of the cross-section, comprising the tension 
flange and tension region of the web. 

c) Fastener holes in the compression zone of the cross-section need not 
be considered in design bending strength calculation, except for 
oversize and slotted holes, or holes withoutany fastener. 

509.2.1.5 Shear lag Effects - The shear lag effects in flanges may be disregarded 
provided: 

a) Foroutstand elements (supported along one edge), < LJIO 

b) For internal elements (supported along two edges), b. < LJIO 

where 

= length between points of zero moment (inflection) in the span 
b^ = width of the flange with outstand 

b. = width of the flange as an internal element 

When these limits are exceeded, the effective width of flange for design 

strength may be calculated using specialist literature, or conservatively taken 

as the value satisfying the limitgiven above. 

509.2.2 Laterally unsupported beams 

Resistance to lateral tortional buckling need not be checked separately (member may be 
treated as laterally supported (Clause 509.2.1) in the following cases: 

a) Bending is aboutthe minor axis of the section; 

b) Section is hollow (rectangular/tubular) orsolid bars; 

c) In case of major axis bending, ^^^.(as defined below) is less than 0.4 
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The design bending strength of laterally unsupported beam as governed by lateral torsional 
buckling is given by : 




where 


P. = 

1.0 for plastic and compact sections. 

= 

zjZp for semi-compact sections 

= 

plastic section modulus and elastic section modulus with 
respect to extreme compression fibre. 

fhd 

design bending compressive stress, obtained as given in Tables 
10a and 10b 

fbd 

XltPJ Zmo 

^ LT ~ 

bending stress reduction factor to account for lateral torsional 
buckling, given by: 


Zlt ~ r 051 “^'^ 


4 r = 0.5(1 -0.2) + X^j.^^ 

CClt 

the imperfection parameter is given by : 

CC^T ~ 

0.21 for rolled steel section 

CXu — 

0.49 for welded steel section 


The non-dimensional slenderness ratio, is given by 


= 

\ /fcr,h 

where 

M = elastic critical momentcalculated in accordance with Clause 509.2.2.1 and 

cr 

= extreme fibre bending compressive stress corresponding to elastic lateral 
buckling moment (Clause 509.2.2.1) Table 11. 
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Tatile lOa Design Bending Compressive Stress Corresponding to Lateral Buckling, (jf , a jj= Oi23) 
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Table 10b Design Bending Compressive Stress Corresponding to Lateral Buckling, (/ 
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509.2.2.1 Elastic lateral torsional buckling moment- In case of simply supported, 
prismatic members with symmetric cross-section, the elastic lateral buckling moment, 
can be determined from: 


M = 


f 

K EI^ 


(4r) 


JL 


GI.+ 




(hr) 




b pJ cr,b 


b of non-slender rolled steel sections in the above equation may be approximately 
calculated from the values given in Table 11 which has been prepared using the following 
equation : 






1.^ 

20 


yh^ltf J 


The following simplified equation may be used in the case of prismatic members made of 
standard rolled l-sections and welded doubly symmetric l-sections, forcalculating the elastic 
lateral buckling moment, M^JTable 11). 

TT^Elhr 

^cr=^ir- 

Lr 

where 

/ = torsional constant = ^4,4 J for open section 

= warping constant 

/ = moment of inertia, radius of gyration aboutthe weak axis, respectively 

4^ = effective length for lateral torsional buckling (Clause 509.3) 

4 = centre-to-centre distance between flanges 

= thickness of the flange 

different beam sections, considering loading, support condition and non-symmetric 
section, shall be calculated using the method given in Annex-C. 


i+i- 

20 


4r ! 

j 
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509.3 Effective Length for Lateral Torsional Buckling 

509.3.1 For simply supported beams and girders of span length, L, where no lateral 
restraintto the compression flanges is provided, butwhere each end ofthe beam is restrained 
againsttorsion, the effective length L^^forthe lateral buckling to be used in Clause 509.2.2.1 
shall be taken as in Table 12. 


Table 12 Effective Length for Simply Supported Beams, 

(Clause 509.3.1) 


Conditions of restraint at supports 

Loading condition 

Torsional restraint 

Warping restraint 

Normal 

Destabilising 

Fully restrained 

Both flanges fully restrained 

0.70 L 

0.85 L 

Fully restrained 

Compression flange fully 
restrained 

0.75 L 

0.90 L 

Fully restrained 

Both flanges fully restrained 

0.80 L 

0.95 L 

Fully restrained 

Compression flange partially 
restrained 

0.85 L 

1.00 L 

Fully restrained 

Warping not restrained in 
both flanges 

1.00 L 

1.20 L 

Partially restrained 
by bottom flange 
support connection 

Warping not restrained in both 
flanges 

1.0 L +2D 

1.2 L +2D 

Partially restrained 
by bottom flange 
bearing support 

Warping not restrained in both 
flanges 

1.2 L +2D 

1.4 L +2D 

1) Torsional restraint prevents rotation aboutthe longitudinal axis 

2) Warping restraint prevents rotation ofthe flange in its plane 

3) D is the overall depth of the beam 


In simply supported beams with intermediate lateral restraints against lateral torsional 
buckling, the effective length for lateral torsional buckling to be used in Clause 509.2.2.1, 


86 





























IRC:24-2010 


shall be taken as the length of the relevant segment in between the lateral restraints. The 
effective length shall be equal to 1.2 times the length of the relevantsegmentin between the 
lateral restraints. 

Restraints againsttorsional rotation atsupports in these beams may be provided by: 

a) web orflange cleats, or 

b) bearing stiffeners acting in conjunction with the bearing of the beam, or 

c) lateral end frames or external supports providing lateral restraint to the 
compression flanges atthe ends 

509.3.2 For beams, which are provided with members giving effective lateral restraint 
to the compression flange at intervals along the span, in addition to the end torsional restraint 
required in Clause 509.3.1, the effective length for lateral torsional buckling shall be taken as 
the distance, centre-to-centre, of the restraint members in the relevant segment under normal 
loading condition and 1.2 times the distance, where the load is not acting on the beam 
atthe shear centre and is acting towards the shear centre so as to have destabilizing 
effect during lateral torsional buckling deformation. 

509.3.3 For cantilever beams of projecting length, L, the effective length L^^to be 
used in Clause 509.2.2.1 shall be taken as in Table 13 for different support conditions. 

509.3.4 Where a member is provided with intermediate lateral supports to improve 
the lateral buckling strength, these restraints should have sufficient strength and stiffness to 
prevent lateral movementofthe compression flange atthe point, relative to the end supports. 
The intermediate lateral restraints should be either connected to an appropriate bracing 
system capable of transferring the restraint force to the effective lateral support atthe ends 
of the member, orshould be connected to an independent robust part of the structure capable 
of transferring the restraintforce.Two or more parallel members requiring such lateral restraint 
shall notbe simply connected togetherassuming mutual dependence forthe lateral restraint. 

The intermediate lateral restraints should be connected to the member as close to 
the compression flange as practicable. Such restraints should be closerto the shear 
centre of the compression flange than to the shear centre of the section. Flowever, if 
torsional restraint preventing relative rotation between the two flanges is provided, 
the intermediate lateral restraint may be connected at any appropriate level. 

For beams which are provided with members giving effective lateral restraint at intervals 
along the span, the effective lateral restraint shall be capable of resisting a force of 
2.5 percentof the maximum force in the compression flange taken as divided equally between 
the points atwhich the restraint members are provided. Further, each restraint pointshould 
be capable of resisting 1 percentof the maximum force in the compression flange. 


87 
















IRC:24-2010 


Table 13 Effective Length, For Cantilever of Length L 

(Clause 509.3.3) 


Restraint Condition 

Loading Condition 

At Support 

At Top 

Normal 

Destabilizine 

(1) 

(2) 

(3) 

(4) 

a) Continuous, with lateral restraint to top 

i) Free 

3.0L 

1.5L 

flange 

ii) Lateral restraint to top 

2.7L 

1.5L 


flange 

2.4L 

A.5L 


iii) Torsional restraint 

iv) Lateral and torsional 
restraint 

2.1L 

3.6L 





b) Continuous, with partial torsinal 

i) Free 

2.0L 

5.QL 

restraint 

ii) Lateral restraint to top 

l.SL 

5.QL 


flange 

1.6L 

3.0L 


iii) Torsional restraint 

iv) Lateral and torsional 
restraint 

1.4L 

2.4L 





c) Continuous, with lateral and torsional 

i) Free 

l.OL 

2.5L 

restraint 

ii) Lateral restraint to top 

0.9L 

2.5L 

_ 

flange 

0.8L 

\.5L 


iii) Torsional restraint 

iv) Lateral and torsional 
restraint 

O.IL 

1.2L 

d) Restrained laterally, torsionally and against 

i) Free 

O.SL 

1.4L 

rotation on plan 

ii) Lateral restraint to top 

O.IL 

1.4L 


flange 

0.6L 

0.6L 


iii) Torsional restraint 

iv) Lateral and torsional 
restraint 

0.5L 

0.5L 

Top restraint consitions 




i) Free 

ii) Lateral restraint to top 
flange 

hi) Torsional restraint 

iv) Lateral and torsional 
restraint 
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509.3.4.1 In a series of such beams, with solid webs, which are connected together by 
the same system of restraint members, the sum of the restraining forces required shall be 
taken as 2.5 percent of the maximum flange force in one beam only. 

509.3.4.2 In the case of a series of latticed beams or girders, which are connected 
together by the same system of restraint members, the sum of restraining forces required 
shall be taken as 2.5 percent of the maximum force in the compression flange plus 
1.25 percentofthe force forevery memberofthe series otherthan the first, upto a maximum 
total of 7.5 percent. 

509.3.5 For simply supported beams where there is no lateral bracing of the 
compression flanges but where cross members and stiffeners forming U-Frames provide 
lateral restraint. 


KL = 2.5 X ^(Ei^aS) but not less than "a" 


where 

E = Young's Modulus 

7 = Maximum moment of inertia of compression flange about its 

centroidal axis parallel to the web of the girder. 

a = distance between frames 

S = the lateral deflection which would occur in the U-Frame at the level of the 
centroid of the flange being considered when a unit force acts laterally to 
the U-Frame only atthis point and simultaneously at each corresponding 
point on the other flange or flanges connecting to the same U-Frame. The 
direction of each unit force should be such as to produce the maximum 
aggregate value of^. The U-Frame should be taken as fixed in position at 
each point or intersection between the cross member and a vertical as free 
and unconnected atall otherpoints. 

when s is not greater than aV(40Elj 


KL = a 


In cases of symmetrical U-Frames where cross-members and stiffeners are 
each ofconstantmomentof inertia throughouttheirown length. 
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^ _ {d,f ^ {d,fb 
d 3£/i EI 2 

where 



= distance of the centroid of the compression flange from the top of 
the cross-member 

d2 

= distance of the centroid of the compression flange from the neutral 
axis ofthe cross-member 

b 

= half the distance between centres ofthe main girders. 

h 

= the momentof inertia of a pair of stiffeners aboutthe centre ofthe web, ora 
single stiffener aboutthe face ofthe web. A width of web plate upto 16 times 
the web thickness may be included on each side of centerline of connection. 

h 

= Momentof inertia ofthe cross member in its plane of bending 

509.4 

Shear 


The factored design shearforce, V, in a beam due to external actions shall satisfy 



V < V, 

a 

where 



= design strength 

= V /r, 

n ' mO 

where 



= partial safety factoragainstshearfailure(Clause 503.4) 

The nominal shear strength of a cross section, may be governed by plastic 
shear resistance (Clause 509.4.1) or strength ofthe web as governed by 
shearbuckling (Clause 509.4.2). 

509.4.1 

The nominal plastic shearresistance underpure shearis given by : 

where 

II 

< 

II 

A 

V 

= sheararea 

/ 

^ yW 

= yield strength ofthe web 
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509.4.1.1 


where 


A 

b 

d 

h 

t 


NOTE : 


The sheararea may be calculated as given below 
/and channel sections : 

Major Axis Bending : 

Hot Rolled : h t 

w 

Welded : dt 

w 

Minor Axis Bending 

Hot rolled or welded : 2b 

Rectangular hollow sections of uniform thickness : 

Loaded parallel to depth (/?) : Ah/(b + h) 

Loaded parallel to width [b) : Ab/(b + h) 

Circular hollow tubes of uniform thickness : lAk 

Plates and solid bars : A 

= cross-section area 

= overall breadth oftubularsection, breadth of/section flanges 
= cleardepth of the web between flanges 
= overall depth of the section 
= thickness of the flange 
= thickness ofthe web 

Fastener holes need not be accounted for in plastic design shear strength 
calculation provided that: 

A > (f/f )(r ,/Y JA /0.9 

If A^,^ does not satisfy the above condition, the effective shear area may be 
taken as that satisfying the above limit. Block shear failure criteria may be 
verified at the end connections. Clause 510 may be referred to for design 
strength undercombined high shearand bending 
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Resistance to shear buckling 

Resistance to Shear buckling shall be verified as specified when 


509.4.2 

509.4.2.1 

d/t > 67 e fora web without stiffeners and 

w 

> 67 s}-^ fora web with stiffeners 
V5.35 


where 

= shearbuckling coefficient(Clause 509.4.2.2) 

f = ^250/f^ 

509.4.2.2 Shear buckling design methods 

The nominal shearstrength, V^, of webs with or without intermediate stiffeners as governed 
by buckling may be evaluated using one of the following methods : 


a) Simple post-critical Method - The simple post critical method based on 
the shear buckling strength can be used for webs of l-section girders, 
with or without intermediate transverse stiffener, provided that the web 
has transverse stiffeners at the supports. The nominal shearstrength is 
given by: 


V = V 


where 


= shearforce corresponding to web buckling 


where 


= shearstress corresponding to web buckling, determined as follows: 

a) When ;i < 0.8 

b) When 0.8 < a, < 1-2 

T, = ll-0.8(A,-0.8)I(fJS) 
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where 

= non-dimensional web slenderness ratio forshear buckling stress, 
given by 

The elastic critical shear stress of the web, is given by : 

^ K^E 

where 

// = Poisson's ratio 

= 5.35 when transverse stiffeners are provided only atsupports 

= 4.0-I-5.35/(c/J)^ forc/J<1.0 

= 5.35-I-4.0/(c/J)^ forc/J>1.0 

where c, d are the spacing of transverse stiffeners and depth of the web 
respectively. 

b) Tension field method - The tension field method, based on the post-shear 
buckling strength, may be used for webs with intermediate transverse 
stiffeners, in addition to the transverse stiffeners atsupports, provided the 
panels adjacentto the panel undertension field action, orthe end posts provide 
anchorage forthe tension fields and if c/d > 1.0, where c, d are the spacing 
oftransverse stiffeners and depth ofthe web respectively. 

In the tension field method, the nominal shear resistance, V^, is given by 

y = y„ 

« tf 

where 

y, = [A T , + 0.9 w ,.t f sin <p ] < V 

where 

= buckling strength, as obtained from Clause 509.4.2.2 (a) 
f = yield strength of the tension field 
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= -3 7 /+ 'F 

IP = 1.5 sin 2^ 

(j) = inclination of the tension field =tan-Mcl/c) 

= width of the tension field 

= d cos (j) + (c - - s^) sitKj) 

f = yield stress of the web 

d = depth of the web 

c = spacing of stiffeners in the web 

= shearstress corresponding to buckling of web (Clause 509.4.2.2 (a)) 

5 ^, = anchorage lengths of tension field along the compression and tension flange 

respectively, obtained from : 


where 


s = 


sin|^ 


Mf, 

J yw W 


< c 


Mj.^, = reduced plastic momentcapacity ofthe respective flange plate (disregarding 
any edge stiffener) after accounting forthe axial force, N/m the flange, due 
to overall bending and any external axial force in the cross - section, and is 
calculated as given below: 

M,. = 0.25 rj}^] 

where 

= width and thickness ofthe relevantflange respectively 
= Yield stress ofthe flange 

509.5 Stiffened Web Panels 


509.5.1 End panels design (Fig. 7J-The design of end panels in girders in which the 

interior panel (panel A) is designed using tension field action shall be carried out in 
accordance with the provisions given herein. In this case the end panel should be designed 
using only Simple PostCritical Method, according to Clause 509.4.2.2 (a). 
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Additionally, the end panel along with the stiffeners should be checked as a beam spanning 
between the flanges to resista shearforce,i?^^ and a moment, due to tension field forces 
as given in Clause 509.5.3, Further, end stiffener should be capable of resisting the reaction 
plus a compressive force due to moment, equal to (Fig. 7) 






BEARING 


PANELS 

PANELA 



STIFFENER 


c 





Fig. 7 End Panel Designed Not Using Tension Field Action 


NOTES: 

1) Panel A is designed utilizing tension field action, as given in Clause 509.4.2.2(b) 

2) Panel B is designed without utilizing tension filed action, as given in Clause 

509.4.2.2(a). 

3) Bearing stiffener is designed for the compressive force due to bearing plus 
comprehensive force due to the momentas given in Clause 509.5.3, 

509.5.2 End panels designed using tension field action (Figs. Sand 9) - The design 
of end panels in girders which ardesigned using tension field action shall be carried outin 
accordance with the provisions mentioned herein. In this case, the end panel (Panel B) shall 
be designed according to Clause 9.4.2.2(b). 

Additionally itshould be provided with an end postconsisting of a single ordouble stiffener, 
(Figs. 8 and 9), satisfying the following : 

a) Single stiffener (Fig. 8) - The top of the end post should be rigidly 
connected to the flange using full strength welds. 

The end postshould be capable of resisting the reaction plus a moment 
from the anchorforces equal to 2/3 M^^due to tension field forces, where 
Mjs obtained from Clause 509.5.3, The width and thickness of the end 
post are notto exceed the width and thickness of the flange. 

b) Double stiffener (Fig. 9) - The end post should be checked as a beam 
spanning between the flanges of the girder and capable of resisting a 
shear force and a moment, M^due to the tension field forces as given 
in Clause 509.5.3, 
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Fig. 8 End Panel Designed Using Tension Field Action (Single Stiffener) 


NOTES: 

1) Panel A is designed utilizing tension field action as given in Clause 509.4.2.2(b) 

2) Bearing stiffener and end post is designed for combination of compressive loads 
due to bearing and a moment equal to 2/3 M^^as given in 509.5.3, 



Fig. 9 End Panel Designed Using Tension Field Action (Double Stiffener) 

NOTES: 

1) Panel A is designed utilizing tension field action, as given in Clause 509.4.2.2(b) 

2) Bearing stiffener is designed for compressive force due to bearing as given in Clause 

509.4.2.2(a). 

3) End post is designed for horizontal shear 7?^and momentas given in Clause 509.5.3. 
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509.5.3 Anchor forces -The resultantlongitudinal shear, and a momentM^from the 
anchorof tension field forces are evaluated as given below : 


R=H/2 and M = H d /10 

'f <1 If q 


where H = 1.25 V 


f y 
_ cr 


V 


dtfy 

s 


; d = web depth 


If the actual factored shearforce, yin the panel designed using tension field 
approach is less than shearstrength, y^^(Clause 509.4.2.2b), then the values 
ofH^ may be reduced by the ratio; 


v-v 

cr 

V -V 

^ tf ^ cr 


where 

y^^ = the basic shearstrength forthe panel utilising tension field action as given in 

Clause 509.4.2.2b 

y^^ = critical shearstrength forthe panel designed utilising tension field action as 

given in Clause 509.4.2.2a 

509.5.4 Panels with openings - Panels with opening of dimension greater than 
10 percentofthe minimum panel dimension should be designed without using tension field 
action as given in Clause 509.4.2.2(b). The adjacentpanels should be designed as an end 
panel as given in Clause 509.5.1 or Clause 509.5.2 as appropriate. 

509.6 Design of Beams and Plate Girders 

509.6.1 Minimum web thickness - The thickness of the web in a section shall satisfy 
the following requirements: 

509.6.1.1 Serviceability requirement 

a) When transverse stiffeners are not provided. 


— < 200e (web connected to flanges along both longitudinal edges 

— < 90e (web connected to flanges along one longitudinal edge only) 
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b) when only transverse stiffeners are provided (in webs connected to flanges 
along both longitudinal edges). 

i) when 3d > c > d, 

f5 200 E. 

ii) when 0.74(i < c<(i, 

f ^ 200 

w 

ill) whenc<d 
-< 270 

iv) when c>3d, the web shall be considered as unstiffened. 

c) When transverse stiffeners and longitudinal stiffeners at one level 
only are provided (0.2 d from compression flange) as per Clause 

509.7.12(a) 

I) when 2Ad > c > d, 

-< 250 e 
K 

ii) when 0.74 d < c < d 

250 

K 

ill) when c < 0.74 (i, 
f5 340 E. 

d) when a second longitudinal stiffener (located at neutral axis) is 
provided. 

-< 400 f 

K 

where 

d = depth of the web 
t = thickness of the web 

w 

c = spacing of transverse Stiffener (Fig. 7, Fig. 8) 

/ = yield stress of the web 

J yW J 
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509.6.1.2 Compression flange buckling requirement- In orderto avoid buckling of the 
compression flange into the web, the web thickness shall satisfy the following: 

a) when transverse stiffners are not provided. 

— < 345 £•" 

b) when transverse stiffeners are provided and 

i) when c > 1.5 d, 

— <345 

t 

w 

ii) when c < 1.5 J 

— <345 e. 

K 

where 

d = depth of the web 
t = thickness of the web 

w 

c = spacing of transverse stiffener (Figs. 7 & 8) 

8, = ^250/4 

= yield stress of compression flange 

509.6.2 Sectional properties 

509.6.2.1 The effective sectional area of compression flanges shall be the gross area 
with deductions for excessive width of plates as specified for compression members 
(Clause 507) and foropen holes occurring in a plane perpendicularto the direction of stress 
atthe section being considered (Clause 509.2.1.4). 

The effective sectional area oftension flanges shall be the gross sectional area with deductions 
for holes as specified in Clause 509.2.1.4. 

The effective sectional area for parts in shearshall be taken as specified in Clause 509.4.1.1. 

509.6.3 Flanges 

509.6.3.1 In riveted or bolted construction, flange angles shall form as large a part of the 
area ofthe flange as practicable (preferably notless than one-third) and the numberofflange 
plates shall be keptto a minimum. 
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In exposed situations, where flange angles are used, atleastone plate ofthe top flange shall 
extend overthe full length ofthe girder, unless the top edge ofthe web is machined flush with 
the flange angles. Where two or more flange plates are used, tacking rivets shall be provided, 
if necessary to comply with the requirements ofClause 512. 

Each flange plate shall extend beyond its theoretical cut-off point, and the extension shall 
contain sufficient rivets, bolts or welds to develop in the plate, the load calculated for the 
bending momenton the girdersection (taken to include the curtailed plate) atthe theoretical 
cut-off point. 

The outstand of flange plates, that is the projection beyond the outer line of connections to 
flange angles, channel orjoistflanges, or, in the case of welded constructions, their projection 
beyond the face of the web or tongue plate, shall not exceed the values given in 
Clause 503.7.2 (Table 2). 

509.6.3.2 In welded construction, the use of curtailed flange plates shall be avoided as 
faras possible, local strengthening being provided by othermeans such as inserting by butt 
welding a thicker and or wider plate. The heavier section plate shall be suitably tapered to 
the lighter plate. If, in welded construction the use of curtailed flange plates cannot be avoided, 
the end ofthe plate shall be tapered in plan to a rounded end and all welds shall be continuous 
round the ends. 

509.6.3.3 Flange splices 

Flange splices preferably should not be located atpoints of maximum stress. Where splice 
plates are used, their area shall not be less than 5 percent in excess ofthe area ofthe flange 
element spliced; their centre of gravity shall coincide, as nearly possible, with that of the 
element spliced. There shall be enough bolts, rivets or welds on each side ofthe splice to 
develop the load in the element spliced plus 5 percent but in no case should the strength 
developed be less than 50 percentofthe effective strength ofthe material spliced. In welded 
construction, flange plates shall be joined by complete penetration buttwelds, wherever 
possible. These buttwelds shall develop the full strength ofthe plates. 

509.6.3.4 Connection of flanges to web 

The flanges of plate girders shall be connected to the web by sufficient rivets, bolts or 
welds to transmit the maximum horizontal shearforce resulting from the bending moment 
gradient in the girder, combined with any vertical loads which are directly applied to the 
flange. Ifthe web is designed using tension field method as given in Clause 509.4.2.2(b), 
then the weld should be able to transfer the tension field stress,acting on the web. 

509.6.3.5 Bolted/riveted construction 

Forgirders in exposed situations and which do nothave flange plates for their entire length, 
the top edge ofthe web plate shall be flush with or above the angles, and the bottom edge of 
the web plate shall be flush with orsetbackfrom the angles. 
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509.6.3.6 Welded construction 

The gap between the web plates and flange plates shall be keptto a minimum and forfillet 
welds, shall notexceed 1 mm atany pointbefore welding. 

509.6.4 Webs 

509.6.4.1 Effective sectional area of web of plate girder-Tbe effective cross-sectional 
area shall be taken as the full depth of the web plate multiplied by the thickness. 

NOTE : Where webs are varied in thickness in the depth of the section by the use of 

tongue plates orthe like, orwhere the proportion ofthe web included in the flange 
area is 25 percenter more ofthe overall depth, the above approximation is not 
permissible and the maximum shear stress shall be computed based on theory. 

509.6.4.2 Splices in webs 

Splices and cut-outs forservice ducts in the webs preferably should notbe located atpoints 
of maximum shearforce and heavy concentrated loads. 

Splices in the webs ofthe plate girders and rolled sections shall be designed to resist the 
shears and moments atthe spliced section. 

In riveted or bolted construction, splice plate shall be provided on each side ofthe web. In 
welded construction, web splices shall preferably be made with complete penetration butt 
welds. Where this is not possible, splice plates on both sides should be used (Refer to 
Clause 512). 

509.6.4.3 Where additional plates are required to augmentthe strength ofthe web, they 
shall be placed on each side ofthe web and shall be equal in thickness. The proportion of 
shearforce, assumed to be resisted by these plates shall be limited by the amount of horizontal 
shear which they can transmit to the flanges through theirfastenings, and such reinforcing 
plates and theirfastenings shall be carried up to the points at which the flange withoutthe 
additional plates is adequate (Referto Clause 512). 

509.7 Design of Stiffeners 

509.7.1 General 

509.7.1.1 When the web of a member acting alone (that is without stiffeners) proves 
inadequate, stiffeners for meeting the following requirements should be provided. 

a) Intermediate transverse web stiffeners - To improve the buckling strength 
of a slenderweb due to shear(Clause 509.7.2). 
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b) Load carrying stiffener - To prevent local buckling of the web due to 
concentrated loading (Clauses 509.7.3 and 509.7.5). 

c) Bearing stiffener-To prevent local crushing of the web due to concentrated 
loading (Clauses 509.7.4 and 509.7.6). 

d) Diagonai stiffener-To provide local reinforcement to a web under shear 
and bearing (Clause 509.7.7). 

e) Tension stiffener- To transmit tensile forces applied to a web through a 
flange (Clause 509.7.8). 

f) Torsion stiffener- To provide torsional restraint to beams and girders at 
supports (Clause 509.7.9). 

The same stiffeners may perform more than one function and their design should comply 
with the requirements of all the functions designed for. 

509.7.1.2 Outstand of web stiffeners - Unless the outer edge is continuously stiffened, 
the outstand from the face of the web should not exceed 20t^e. 

When the outstand is between 14t^e and 20t^e, then the stiffener design should be on the 
basis of a core section with an outstand of I4t^8. 

where 

t = thickness of the stiffener 

509.7.1.3 Stiff bearing length -The stiff bearing length of any elementb^, is thatlength 
which cannotdeform appreciably in bending. To determine b^the dispersion of load through 
a steel bearing elementshould be taken as 45° through solid material, such as bearing plates, 
flange plates etc. (Fig. 10) 

509.7.1.4 Eccentricity - Where a load or reaction is applied eccentric to the centre line 
of the web or where the centroid of the stiffenerdoes not lie on the centre line of the web, the 
resulting eccentricity of loading should be accounted for in the design of the stiffener. 

509.7.1.5 Buckling resistance of stiffener-The buckling resistance should be based 
on the design compressive stress(Clause 507.1.2.1) of a strut (curve c), the radius of 
gyration being taken aboutthe axis parallel to the web. The effective section is the full area 
or core area of the stiffener (Clause 509.7.1.2) together with an effective length of web on 
each side of the centre line of the stiffeners, limited to 20 times the web thickness. The 
design strength used should be the minimum value obtained for buckling aboutthe web or 
the stiffener. 
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F ig. 10 Stiff Bearing Length, bj 


The effective length of intermediate transverse stiffeners used in calculating the buckling 
resistance, should be taken as 0.7 times the length, L, of the stiffener. 

The effective length for load carrying web stiffeners used in calculating the buckling resistance, 
assumes that the flange through which the load or reaction is applied is effectively 
restrained against lateral movement relative to the otherflange, and length should be taken 
as: 


a) KL = 0.7 L when flange restrained against rotation in the plane ofthe 
stiffener (by other structural elements) 

b) i^L =Lwhen flange notso restrained 


where 

L = length ofthe stiffener 

If the load or reaction is applied to the flange by a compression member, then 
unless effective lateral restraintis provided atthatpoint, the stiffener should 
be designed as part of the compression member applying the load, and the 
connection between the compression memberand the beam flange shall be 
checked for the effects ofthe strut action. 

509.7.2 Design of intermediate transverse web stiffeners 

509.7.2.1 Generai- Intermediate transverse stiffeners may be provided on one or both 
sides ofthe web. 
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509.7.2.2 Spacing - Spacing of intermediate stiffeners, where they are provided, shall 
comply with Clause 509.6.1 depending on the thickness of the web. 

509.7.2.3 Outstand of Stifferers - The outstand of the stiffeners should comply with 
Clause 509.7.1.2, 

509.7.2.4 Minimum stiffeners - Transverse web stiffeners notsubjectto external loads 
or moments should have a second moment of area, / about the centreline of the web (if 
stiffeners are on both sides of the web) and about the face of the web (if single stiffener on 
only one side of the web is used) such that: 

if c/d > JT I > 0.75 dt ^ 

— V S — W 

l.5dh^ 

and if c/d <43 l ^ 

i c 

where 

d = depth of the web 

= minimum required web thickness forspacing using tension field action, 
as given in Clause 509.4.2.1, 

c = actual stiffenerspacing 

509.7.2.5 Buckiing check on intermediate transverse web stiffeners - Stiffeners not 
subjected to external loads of moments should be checked fora stiffener force: 

F = V-V / r n < F ^ 

q cr • mu qd 


where 

F^^ = design resistance of the intermediate stiffeners 

V = factored shearforce adjacentto the stiffener 

= shear buckling resistance of the web panel designed without using tension 
field action Clause 509.4.2.2(a). 

Stiffeners subjectto external loads and moments should meetthe conditions for load carrying 
web stiffeners in Clause 509.7.3, In addition they should satisfy the following interaction 
expression. 
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F -F F M 
_ -+-^ + _ ^<1 


qd 


My, 


IfF <F then [F-F ) should be taken as zero. 

q X q X 


where 

F^ = stiffenerforce given above 

F^^ = design resistance of an intermediate web stiffenercorresponding to buckling 
aboutan axis parallel to the web (Clause 509.7.1.5). 

F = external load or reaction atthe Stiffener 

A' 

F^^ = design resistance of a load carrying stiffenercorresponding to buckling about 

axis parallel to the web (Clause 509.7.1.5). 

= moment on the stiffener due to eccentrically applied load and transverse 
load, if any. 

= yield momentcapacity ofthe stiffener based on its elastic modulus about its 
centroidal axis parallel to the web. 


509.7.2.6 Connection of intermediate stiffeners to web - Intermediate transverse 
stiffeners not subject to external loading should be connected to the web so as to 
withstand a shear between each component of the stiffener and the web (in kN/mm) of 
not less than 


F /(5b ) 


where 

= web thickness (in mm) 

= outstand width ofthe Stiffener (in mm) 

For stiffeners subject to external loading, the shear between the web and the stiffener due to 
such loading has to be added to the above value. 

Stiffeners notsubjectto external loads or moments may terminate clearofthe tension flange 
and in such a situation the distance cut short from the line ofthe weld should not be more 
than At. 

w 
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509.7.3 Load carrying stiffeners 

509.7.3.1 Web Check - Load carrying web stiffeners should be provided where 
compressive forces applied through a flange by loads or reactions exceed the buckling 
strength, of the unstiffened web, calculated using the following: 

The effective length ofthe webforevaluating the slenderness ratios is calculated as in Clause 
509.7.1.5, The area of cross section is taken as 

(b, + n )t 

' 7 F w 


where 

= width of stiff bearing on the flange (Clause 509.7.1.3), 

= dispersion ofthe load through the web at45°, to the level of half the depth of 
the cross section. 

The buckling strength of this web about axis parallel to the web is calculated as given in 
Clause 507.1.2.1 using curve 'c', 

509.7.4 Bearing stiffeners 

Bearing stiffeners should be provided for webs where forces applied through a flange by 
loads or reactions exceed the local capacity ofthe web at its connection to the flange, as 
given below: 


= (^I + ^2) ^JyJr„rO 

where 

b^ = stiff bearing length ( Clause 509.7.1.3) 

= length obtained by dispersion through the flange to the web junction at a 
slope of 1:2,5 to the plane ofthe flange, 

t = thickness ofthe web 

w 

/ = yield stress of the web 

^ yW J 


509.7.5 Design of ioad carrying stiffeners 

509.7.5.1 Buckiing check - The external load or reaction, F^, on a stiffener should not 
exceed the buckling resistance, F^^, ofthe stiffeneras given in Clause 509.7.1.5, 


Where the stiffener also acts as an intermediate stiffener itshould be checked forthe effect 
of combined loads in accordance with Clause 509.7.2.5, 
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509.7.5.2 Bearing check - Load carrying web stiffeners should also be of sufficient 
size that the bearing strength of the stiffener, given below is not less than the load 
transferred, F. 

X 


F .,= A f /(0.8r J > F 

psa^ yq ^ ' niiJ' — x 

where 


F = external load or reaction 

X 

= area of the Stiffener in contact with the flange 
f = yield stress of the stiffener 

J yq J 

509.7.6 Design of bearing stiffeners 

Bearing stiffeners should be designed forthe applied load or reaction less the local capacity 
of the web as given in Clause 509.7.4, Where the web and the stiffener material are of 
different strengths the lesser value should be assumed to calculate the capacity of the web 
and the stiffener. Bearing stiffeners should project nearly as much as the overhang of the 
flange through which load is transferred. 

509.7.7 Design of diagonai stiffeners 

Diagonal stiffeners should be designed to carry the portion of the applied shearand bearing 
thatexceeds the capacity of the web. 

Where the web and the stiffener are of different strengths, the value for design should be 
taken as given in Clause 509.7.6. 

509.7.8 Design of tension stiffeners 

Tension stiffeners should be designed to carry the portion of the applied load or reaction 
less the capacity of the web as given in Clause 509.7.4 for bearing stiffeners. 

Where the web and the stiffener are of different strengths, the value for design should be 
taken as given in Clause 509.7.6. 

509.7.9 Torsionai stiffeners 

Where bearing stiffeners are required to provide torsional restraint at the supports of the 
beam, they should meetthe following criteria: 

a) Conditions of Clause 509.7.4 
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b) Second momentof area ofthe stiffener section aboutthe centreline ofthe 
web, / , should be such that: 

' s' 

I > 0.34 a D^T ^ 

s — sc/ 


where 


a = 0.006 forL /r < 50 

s LT y — 

= 0.3/(Lyr^) for 50 <Lyr, = 100 
= 30/(Lyr^)2 fory/rylOO 
D = overall depth of beam atsupport 

y = maximum thickness of compression flange in the span under consideration 
KL = laterally unsupported effective length ofthe compression flange ofthe beam 
r, = radius of gyration of the beam aboutthe minor axis 


509.7.10 Connection of load carrying and bearing stiffeners to web - Stiffeners, which 
resist loads or reactions applied through a flange, should be connected to web by sufficient 
welds or fasteners to transmit a design force equal to the lesser of: 


a) The tension capacity ofthe stiffener 


b) The sum, ofthe forces applied atthe two ends ofthe stiffener when they 
act in the same direction orthe larger of the forces when they act in opposite 
directions. 


Stiffeners, which do not extend rightacross the web, should be of such length thatthe shear 
stress in the web due to the design force transmitted by the stiffener does not exceed the 
shearstrength ofthe web. In addition, the capacity ofthe web beyond the end ofthe stiffener 
should be sufficientto resistthe applied force. 

509.7.11 Connection to flanges 

509.7.11.1 In tension - Stiffeners required to resist tension should be connected to the 
flange transmitting the load by continuous welds or non-slip fasteners. 

509.7.11.2 In compression - Stiffeners required to resist compression should either be 
fitted againstthe loaded flange orconnected by continuous welds or non-slip fasteners. 

The stiffener should be fitted against or connected to both flanges when: 

a) a load is applied directly over a support; or 
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b) it forms the end stiffener of a stiffened web; or 

c) it acts as a torsion stiffener 

509.7.12 Hollow sections - Where concentrated loads are applied to hollow sections, 
consideration should be given to local stresses and deformations and the section reinforced 
as necessary. 

509.7.13 Longitudinal stiffeners - Where longitudinal stiffeners are used in addition to 
transverse stiffeners, they shall be as follows : 

a) One longitudinal stiffener shall be placed on the web at a distance from 
the compression flange equal to 1/5 of the distance from the compression 
flange angle, plate ortongue plate to the neutral axis when the thickness 
ofthe web is less than the limitspecified in Clause 509.6.1, The stiffener 
shall be designed so that l is not less that Act ^ where / and r are as 
defined in Clause 509.7.2.4 and c is the actual distance between the 
transverse stiffeners. 

b) A second longitudinal stiffener (single or double) shall be placed at the 
neutral axis ofthe girder when the thickness ofthe web is less than the 
limitspecified in Clause 509.6.1. This stiffener shall be designed so that 
I is not less that ^ where l and t are as defined in Clause 509.7.2.4 

s 2 w 5 w 

and is twice the clear distance from the compression flange angles, 
plates ortongue plates to the neutral axis. 

c) Longitudinal web stiffeners shall extend between vertical stiffeners, but 
need notbe continuous overthem. 

d) Longitudinal stiffeners may be in pairs arranged on each side ofthe web, 
orsingle located on one side ofthe web. 

509.7.14 Detailing requirements 

a) Load bearing stiffeners should be in pairs (that is two legs of plates, angles 
etc.) placed symmetrically at both sides ofthe web. When the condition is 
notmetthe effect of the resulting eccentricity should be considered. 

b) The ends ofthe load bearing stiffener should be closely fitted oradequately 
connected to both flanges. They should be shaped to allow space forany 
root fillet or weld connecting the web to the flange, with a clearance not 
exceeding five times the thickness ofthe web. 

c) Load bearing stiffeners shall not be joggled and shall be solidly packed 
throughout. 
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d) Outstanding legs of each pair of load bearing stiffeners shall be so 
proportioned that the bearing stress on that part of their area in contact 
with the flange and clearofthe root of the flange orflange angles orclear 
ofthe flange welds, does not exceed the design bearing strength. 

e) Load bearing stiffeners consisting of two legs shall be designed as struts 
assuming the section to consist of the pair of stiffeners together with a 
length of web on each side of the centre line ofthe stiffeners equal to 
twenty times the web thickness (but limited to the edge distance of the 
web and half the distance ofthe adjacent stiffener). 

In case of bearing stiffeners consisting offourormore legs, the effective 
stiffener section should be taken to comprise the stiffeners, the web plate 
between the two outer legs and a portion of web plate notexceeding the 
length ofthe web as specified for single leg stiffeners on the outer sides 
ofthe outer legs. 

f) The load bearing stiffeners shall be provided with sufficient rivets, bolts 
orwelds to transmit to the web the whole ofthe load in the stiffeners. 

g) In no case shall the greater unsupported cleardimension of a web panel 
exceed 270 t nor the lesser unsupported clear dimension of the same 
panel exceed 180 t where t is the thickness ofthe web plate. 

h) Where transverse stiffeners are required, they shall be provided throughout 
the length ofthe girderata distance apart not greater than 1.5 and not 
less than 0.33 d^, where dj is the depth as defined in clause 509.8. Where 
longitudinal stiffeners are provided d^ shall be taken as the cleardistance 
between the horizontal stiffener and the farthest flange ignoring fillets. 

NOTE : If the thickness ofthe web is made greater, orthe spacing of stiffener made smaller 

than that required by the standard, the moment of inertia ofthe stiffener need not 
be correspondingly increased. 

Intermediate transverse stiffeners, when not acting as load bearing stiffeners, may be joggled 
and may be single or in pairs placed one on each side ofthe web. Where single stiffeners 
are used, they should preferably be placed alternatively on opposite sides ofthe web. The 
stiffeners shall extend from flange to flange. They can be connected orfitted to, or kept well 
clearofthe flanges. 

509.8 Lateral Bracings 

All spans shall be provided with a lateral bracing system extending from end to end of 
sufficient strength to transmit to the bearings all lateral forces due to wind, seismic effect etc, 
as applicable. 
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509.9 Expansion and Contraction 

In all bridges, provision shall be made in the design to resist thermal stresses induced, or 
means shall be provided for movement caused by temperature changes. Provision shall 
also be made forchanges in length of span resulting from live loads. 

510 MEMBERS SUBJ ECTED TO COMBINED FORCES 

510.1 General 

This clause governs the design of members subjected to combined forces such as shear 
and bending, axial force and bending, orshearforce, axial force and bending. 

510.2 Combined Shear and Bending 

510.2.1 No reduction in moment capacity of the section is necessary as long as the 
cross-section is not subjected to high shear force (factored value of applied shear force is 
less than orequal to 60 percentofthe shearstrength ofthe section as given in Clause 509.4. 
The moment capacity may be taken as, (Clause 509.2) without any reduction. 

510.2.2 When the factored value ofthe applied shearforce is high (exceeds the limit 
in Clause 510.2.1) the factored moment of the section should be less than the momentcapacity 
ofthe section underhighershearforceM^^ calculated as given below: 

a) P lastic or compact section 

where 

p = {2VN^-\Y 

= plastic design moment of the whole section disregarding high shearforce 
effect (Clause 509.2.1.2) considering web buckling effects 
(Clause 509.2.1.1). 

V = factored applied shearforces as governed by web yielding orweb buckling. 

= design shear strength as governed by web yielding or web buckling 
(Clause 509.4.1 or 509.4.2) 

= plastic design strength ofthe area ofthe cross-section excluding the shear 
area, considering partial safety factor 

z = elastic section modulus of the whole section 

e 
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b) Semi-compact Section 

510.3 Combined Axial Force and Bending Moment 

Under combined axial force and bending momentsection strength as governed by material 
failure and memberstrength as governed by buckling failure shall to be checked in accordance 
with Clauses 510.3.1 and 510.3.2., respectively. 

510.3.1 Section strength 


510.3.1.1 Plastic and compact sections - In the design of members subjected to 
combined axial force (tension or compression) and bending moment, the following should 
be satisfied. 


[m.J 


< 1.0 


Conservatively, the following equation may be used undercombined axial force and bending 
moment. 


where 


N 


n''^m 


--I-- 




dy 


M 


< 1.0 


dz 


M ,M 

y’ z 


^ndy' ^ndz 


N 


A 

g 

CTp OC2 

Y 


factored applied moments aboutthe minorand majoraxis ofthe cross 
section, respectively 

design reduced flexural strength under combined axial force and the 
respective uniaxial momentacting alone, (Clause 510.3.1.2) 

factored applied axial force (Tension T, orCompression P) 

design strength in tension [T) as obtained from Clause 506 or in 
compression due to yielding given by 

design strength under corresponding moment acting alone, (Clause 

509.2) 

gross area ofthe cross section 
constants as given in Table 14 
partial factor of safety in yielding 
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Table 14 Constants and a 2 


Section 



land Channel 

5n > 1 

2 

Circulartubes 

2 

2 

Rectangulartubes 

1 .66/(1 =1.13n2) < 6 

1 .66/(1 =1.13n2) < 6 

Solid rectangles 

1.73 +1.8n3 

1.73 +1.8n3 


510.3.1.2 For plastic and compact sections without bolt holes, the following 
approximations may be used for evaluating M, and M, 

a) Plates 

K, = MA1- n^) 

b) Welded I or H section 


M =M^ 

nay ay 


1 - 


/ \2 
n — a ' 


1-a 


< where n > a 

dy — 


where n = N/N^ and a = (A - 2 Z? /A < 0.5 

c) Forstandard I or H sections 

forn <0.2 M = M. 

— nay ay 

torn >0.2 = 1.56M^^(1 -n){n + 0.6) 

M , = 1.11 M, (1 -n) < M, 

d) For rectangular hollow sections and welded box sections - When 
the section is symmetric about both axes and without bolt holes 

Kdy = M,, (1-n) / {l-0.5a) < 

where a = (A-2 bt) IA < 0.5 

a= {A-2ht )IA < 0.5 
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e) Circular hollow tubes without bolt holes 


M = 1.04 M,(l - n' ") < M, 

nd d ^ ^ — d 

510.3.1.3 Semi-compact section- In the absence of high shearforce (Clause 510.2.1) 
semi-compactsection design is satisfactory undercombined axial force and bending, if the 
maximum longitudinal stress under combined axial force and bending,/^, satisfies the following 
criteria. 


f. < f/y^o 

Forcross section without holes, the above criteria reduces to 


N 


+ 



< 1.0 


where 

N„ are defined in Clause 510.3.1.1 

(F d-y dz 

510.3.2 Overall member strength 

Members subjected to combined axial force and bending momentshall be checked foroverall 
buckling failure as given in this section. 


510.3.2.1 Bending and axial tension-The reduced effective moment, undertension 
and bending calculated as given below, should not exceed the bending strength due to lateral 
torsional buckling, (Clause 509.2.2) 

M^^=[M-yrTZJA] < M, 

where 


M, T = factored applied moment and tension, respectively 
A = area of cross-section 

= elastic section modulus of the section with respectto extreme compression 
fibre 

y/ = 0.8 if rand M vary independently orotherwise 
= 1.0 
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510.3.2.2 Bending and axial compression - Members subjected to combined 
axial compression and biaxial bending shall satisfy the following interaction 
relationships. 


P 

— + 


dy 




M 


M 


LT 


dy 


M 


dz 


< 1.0 


where 


c , c 

m\'' n 


P 


M , M 

y z 



M, , M 

dy ^ 


dz 


ft- M., ■ M. 


dz 


- dy 


dz 


< 1.0 


= equivalent uniform momentfactor as perTable 15 

= applied axial compression underfactored load 

= maximum factored applied bending moments abouty and z-axis of the 
member, respectively. 

= design strength under axial compression as governed by 
buckling about minor (y) and major (z) axis respectively. 

= design bending strength about y (minor) or z (major) axis of 
the cross section (Clause 509) 


where 


^ = 1 + (A ■ 0.2) n < \ + 0.8 n 
^ = 1 + (/^- ■ 0.2) n < I + 0.8 n 

Z ^ ^ Z ' z — Z 



(C„,,-0.25) 


>1 


0-l^y 

(C.,,-0.25) 


n^,n^ = ratio of actual applied axial force to the design axial Strength for buckling 

aboutthe y and z axis, respectively and 

= equivalent uniform momentfactor for lateral torsional buckling as per 
Table 15 corresponding to the actual momentgradient between lateral 
supports against torsional deformation in the critical region under 
consideration. 


511 FATIGUE 


511.1 General 

This section applies to the design of structures and structural elements subject 
to loading which could lead to fatigue failure. This shall, however, notcoverthe following : 

a) Corrosion fatigue 
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b) Low cycle (high stress) fatigue 

c) Thermal fatigue 

d) Stress corrosion cracking 

e) Effects of high temperature (>150°C) 

f) Effects of low temperature (< brittle transition temperature) 

511.1.1 Forthe purpose of design againstfatigue, different details (of members 

and connections) are classified under different fatigue class. The design stress ranges 
corresponding to various numbers of cycles, are given for each fatigue class. The 
requirements of this Clause shall be satisfied with, at each critical location of the 
structure subjected to cyclic loading, considering relevant number of cycles and 
magnitudes of stress range expected to be experienced during the life ofthe structure. 

511.2 Design 

511.2.1 Reference design conditions 

The Standard S-N curves foreach detail category are given forthe following conditions: 

a) The detail is located in a redundant load path, wherein local failure at 
that detail alone will not lead to overall collapse ofthe structure. 

b) The nominal stress history atthe local point in the detail is estimated/ 
evaluated by a conventional method without taking into account the 
local stress concentration effects due to the detail. 

c) The load cycles are nothighly irregular. 

d) The details are accessible for and subjectto regular inspection. 

e) The structure is exposed to only mildly corrosive environmentas in normal 
atmospheric condition and suitably protected againstcorrosion (pitdepth 
<1 mm). 

f) The transverse filletor buttweld connects plates of thickness notgreater 
than 25 mm. 

g) As far as possible, holes should preferably be avoided in members and 
connections subjected to fatigue. 
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Fatigue need not be investigated if condition in Clauses 511.2.2.3, 511.5.1, or 511.6 is 
satisfied. 

The values obtained from the standard S-N curve shall be modified by a capacity reduction 
factor ju when plates greater than 25 mm in thickness are joined together by transverse 
filletor butt welding, as given by : 

M ^ = {15It< 1.0 


where 


= actual thickness in mm of the thicker plate being joined. 

No thickness correction is necessary when full penetration buttweld reinforcements are 
machined flush and proved free of defect through non-destructive testing. 

511.2.2 Design spectrum 

511.2.2.1 Stress evaluation - The design stress shall be determined by elastic analysis 
of the structure to obtain stress resultants and the local stresses may be obtained by a 
conventional stress analysis method. The normal and shear stresses shall be determined 
considering all design loads on the members, but excluding stress concentration due to the 
geometry of the detail. The stress concentration effect is accounted for in detail category 
classification (Table 19). The stress concentration, however, notcharacteristic of the detail 
shall be accounted forseparately in the stress calculation. 

In the fatigue design of trusses made of members with open sections in which the end 
connections are not pinned, the stresses due to secondary bending moments shall be 
taken into account unless the slenderness ratio, [KUr), of the member is greaterthan 40. 

In the determination of stress range atthe end connections between hollow sections, 
the effect of connection stiffness and eccentricities may be disregarded, provided: 

a) The calculated stress range is multiplied by appropriate factor given in 
Table 16 in the case of circular hollow section connections and Table 17 
in the case of rectangularhollow section connections. 

b) The design throatthickness of fillet welds in the joints is greaterthan the 
wall thickness of the connected member. 

511.2.2.2 Design stress spectrum - In the case of loading events producing 
non-uniform stress range cycle, the stress spectrum may be obtained by a rational method. 
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Table 16 Multiplying Factors for Calculated Stress Range 
(Circular Hollow Sections) 

(Clause 511.2.2.1) 
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Types of Connection 

Chords 

Verticals 

Diagonals 

Gap connections 

K type 

1.5 

1.0 

1.3 

N type 

1.5 

1.8 

1.4 

Overlap connections 

K type 

1.5 

1.0 

1.2 

N type 

1.5 

1.65 

1.25 


Table 17 Multiplying Factors for Calculated Stress Range 
(Rectangular Hollow Sections) 

(Clause 511.2.2.1) 


Types of J oint 

Chords 

Verticals 

Diagonals 

Gap connections 

K type 

1.5 

1.0 

1.5 

N type 

1.5 

2.2 

1.6 

Overlap connections 

K type 

1.5 

1.0 

1.3 

N type 

1.5 

2.0 

1.4 


511.2.2.3 Low fatigue - Fatigue assessment is not required for a member, connection 
or detail, if normal and shear design stress ranges,/, satisfy the following conditions: 


/< 27 / 

Or if the actual number of stress cycles, satisfies 


where 

^mft' i^fft 


f 


partial safety factors for strength and load, respectively 
(See Clause 511.2.3) 

actual fatigue stress range forthe detail 
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511.2.3 Partial safety factors 

511.2.3.1 Partial safety factor for loads and their effects (yj- Unless and otherwise 
the uncertainty in the estimation ofthe applied loads and theireffects demand a highervalue, 
the partial safety factor for loads in the evaluation of stress range in fatigue design shall be 
taken as 1.0. 

511.2.3.2 Partial safety factor for fatigue strength Partial safety factor for strength 

is influenced by consequences of fatigue damage and level of inspection capabilities. 

511.2.3.3 Based on consequences of fatigue failure, component details have been 
classified as given in the Table 18 and the corresponding partial safety factor for fatigue 
strength shall be used. 

a) Fail-safe structural component/detail is the one where local failure of one 
componentdue to fatigue crack does not result in the failure ofthe structure 
due to availability of alternative load path (redundantsystem). 

b) Non-fail-safe structural component/detail is the one where local failure of 
one component leads rapidly to failure ofthe structure due to its non- 
redundantnature. 


Table 18 Partial Safety Factors for Fatigue Strength (y^^) 

(Clause 511.2.3.3) 


Inspection and Access 

Consequence of failure 

Fail-safe 

Non-fail-safe 

Periodic inspection, maintenance and accessibility 
to detail is good 

1.00 

1.25 

Periodic inspection, maintenance and accessibility 
to detail is poor 

1.15 

1.35 


511.3 Detail Category 


Tables 19 (a) to (d) indicate the classification of different details into various categories forthe 
purpose of assessing fatigue strength. Details not classified in the table may be treated as the 
lowest detail category of a similar detail, unless superior fatigue strength is proved bytesting 
and/oranalysis. 
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Holes in members and connections subjected to fatigue loading shall not be made : 

a) Using punching in plates having thickness greaterthan 12 mm unless 
the holes are sub-punched and subsequently reamed to remove the 
affected material around the punched hole, and 

b) Using gas cutting unless the holes are reamed to remove the material in 
the heat affected zone. 

Table 19 (a) Detail Category Classification Group 1 Non-welded Details 

(Clauses 511.2.2.1 and 511.3) 



Details 


Description 

(4) 

Rolled and extruded products 

i) Plates and flats (1) 

ii) Rolled sections (2) 

iii) Seamless tubes (3) 

Sharp edges, surface and rolling flaws to be removed 
by grinding in the direction of applied stress. 


Bolted connections 

(4) and (5): Stress range calculated on the gross 
section and on the net section. 

Unsupported one-sided cover plate connections 
shall be avoided or the effect of the eccentricity 
taken into account in calculating stresses. 

Material with gas-cut or sheared edges with no 
draglines 

(6): All hardened material and visible signs of 
edge discontinuities to be removed by 
machining or grinding in the direction of 
applied stress. 



iii) 


92 



Material with machine gas-cut edges with 
draglines or manual gas-cut material 

(7) : Comers and visible signs of edge discontinuities 
to be removed by grinding in the direction of the 
applied stress. 


NOTE : The arrow indicates the location and direction of the stresses acting in the basic 

material for which the stress range is to be calculated on a plane normal to the 
arrow. 
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Table 19 (b) Detail Category Classification Group 2 Welded Details- 

not in Hollow Sections 

(Clauses 511.2.2.1 and 511.3) 


$1 DctaU 

No. Catcfory 


CoBstractioiial Details 

lllusiniion (set Now) 


Description 


( 1 > 


( 2 ) 


i) 


92 



_( 4 )_ 

Welded plate I-section and box girders with 
continuous longitudinal welds 

(8) & (9) : Zones of continuous automatic 
longitudinal fillet or butt welds earned out from 
both sides and all welds not having un-repaired 
stop-start positions. 


it) 



ill) 


iv> 


$9 



III 



Welded plate I-section and box girders with 
continuous longitudinal welds 

(10) & (11) : Zones of continuous automatic 
butt welds made from one side only with a 
continuous backing bar and all welds not having 
un-repaired stop-start postilions. 





PI 



(12) : Zones of continuous longitudinal fillet or 
butt welds carried out from both sides but 
containing stop-start positions. For continuous 
manual longitudinal fillet or but welds carried 
out from both sides, use Detail Category 92. 

Welded plate I-section and box girders with 
continuous longitudinal welds 

(13) : Zones of continuous longitudinal welds 
carried out from one side only, with or without 
stop-start positions. 

Intermittient longitudinal welds 

(14) : Zones of intermittent longitudinal welds 


V) 


52 



Intermittient longitudinal welds 

(15) Zones containing cope holes in 
longitudinally welded T-joints. Cope hole not to 
be filled with weld. 


vi) 


83 



Transverse butt welds (complete penetration) 

Weld run-off tabs to be used, subsequently 
removed and ends of welds ground flush in the 
direction of stress. Welds to be made from two 
sides. 

(16) : Transverse splices in plates, flats and rolled 
sections having the weld reinforcement ground 
flush to plate surface. 100 percent NDT 
inspection, and weld surface to be free of exposed 
porosity in the weld metal. 

(17) : Plate girders welded as in (16) before 
assembly. 

(18) : Transverse splices as in (16) with reduced 
or tapered transition with taper <1:4 
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Table 19 (b) (continued) 


SI 

No. 

(I) 


Detail 

01111017 

( 2 ) 


vli) 


66 


Comtnictioul Detail* 


llliutralion (5*e Note) 

( 3 ) 



Dcscripckm 

_(4)_ 

Transverse butt welds (complete penetration) 

welds run-off tabs to be used, subsequently removed 
and ends of welds ground flush in the direction of 
stress. Welds to be made from two sides. 

(19) : Transverse splices of plates, rolled sections 
or plate girders. 



(20) : Transverse splice of rolled section or welded 
plate girders, without cope hole. With cope hole 
use Detail Category 52, as in (15). 

(21) : Transverse splices in plates or flats being tapered 
in width or in thickness where the taper is <1:4 

Transverse butt welds (complete penetration) 


viH) 


59 



Weld run-off tabs to be used, subsequently removed 
and ends of welds ground flush in the direction of 
stress. Welds to be made from two sides. 




(22) : Transverse splices as in (21) with taper in 
width or thickness >1:4 but <1:2:5. 


Transverse butt welds (complete penetration) 




(23) : Transverse butt-welded splices made on a 
backing bar. The end of the fillet weld of the 
backing strip shall stop short by more than 
10 mm from the edges of the stressed plate. 

(24) : Transverse butt welds as per (23) with taper 
on width or thickness <1:2:5. 


Transverse butt welds (complete penetration) 

(23) : Transverse butt welds as in (23) where fillet 
welds end closer than 10 mm to plate edge. 


Kl) 


41 


xii) 


27 


a$) 


Cruciform joints with load-carrying welds 


52 



(26) : Full penetration welds with intermediate 
plate NDT inspected and free of defects. 
Maximum misalignment of plates either side of 
joint to be <0.15 times the thickness of 
intermediate plate. 


<af> 



(27) : Partial penetration or fillet welds with 
stress range calculated on plate area. 

(28) : Partial penetration or fillet welds with 
stress range calculated on throat area of weld. 


xiii) 


46 


(DAOD 



Overlapped welded joints 

(29) : Fillet welded lap joint, with welds and 
overlapping elements having a design capacity 
greater than the main plate. Stress in the main 
plate to be calculated on the basis of area shown 
in the illustraton. 
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Table 19 (b) (continued) 


SI 

No. 

It) 


xiv| 


xv> 


xvi) 


xvii) 


xviii) 


xix) 


xx) 


Detail 

Citesory 

( 2 > 


41 


33 


(30) 


( 31 ) 


M 


59 


52 


37 


33 


59 


59 


52 


37 


27 


67 


Coosinicllonal Details 


lllustralion (xee Note) 
(3) 



Dcscriplion 

< 4 ) 


Overlapped weld joints 

(30) : Fillet welded lap joint, with welds and main 
plate both having a design capacity greater than 
the overlapping elements. 


(wani) 


-11?L 


50 mm 


sex Sl(X) mm 


l(X) mm <! 


JIJL 


msr/b 


\l6sr/b<\rs 


r/b<Vb 




(M) 


/ ^ 12 mm 


/> 12 mm 


f/or/p 
S25 mm 


tlWtf 

>25 mm 





OS) 



06 ) 




01 ) 



(31) : Fillet welded lap joint, with main plate and 
overlapping elements both having a design 
capacity greater than the weld. 


Welded attachments (non-load carrying 
welds)-Longitudinal welds 

(32) : Longitudinal fillet welds. Class of detail 
varies according to the length of attachment weld 
as noted. 

(33) : Gusset welded to the edge of a plate or 
beam flange. Smooth transition radius (r), formed 
by machining or flame cutting plus grinding. Class 
of detail varies according to r/b ratio as noted. 


Welded attachments 

(34) : Shear connectors on base material (failure 
in base material). 


Transverse welds 

(35) : Transverse fillet welds with the end of the 
weld > 10 mm from the edge of the plate. 

(36) : Vertical stiffeners welded to a beam or 
plate girder flange or web by continuous or 
intermittent welds. In the case of webs carrying 
combined bending and shear design actions, the 
fatigue strength shall be determined using the 
stress range of the principal stresses. 

(37) : Diaphragms of box girders welded to the 
flange or web by continuous or intermittent 
welds. 


Cover plates in beams and plate girders 

(38) : End zones of single or multiple welded 
cover plates, with or without a weld across the 
end. For a reinforcing plate wider than the flange, 
an end weld is essential. 


Welds loaded in shear 

(39) : Fillet welds transmitting shear. Sti'ess range 
to be calculated on weld throat area. 

(40) : Stud welded shear connectors (failure in the 
weld) loaded in sheai* (the shear stress range to be 
calculated on the nominal section of the stud). 


NOTE : The arrow indicates the location and direction of the stresses acting in the basic 

material for which the stress range is to be calculated on a plane normal to the 
arrow. 
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Table 19 (c) Detail Category Classification Group 3 Bolts 
(Clauses 511.2.2.1 and 511.3) 


SI 

No. 

(i> 


Detail Catcftoi7 


(21 


Construclionai Dctaib 


lllustratiun l.we Note) 
(3) 


Description 

(4) 


C 


83 




(41) 


Bolts in shear (8.8/TB bolting category only) 

(41) : Shear stress range calculated on the minor 
diameter area of the bolt (Ac). 

NOTE — If the shear on the joint is 
insufficient to cause slip of the joint the shear 
in the bolt need not be considered in fatigue. 


ii) 


11 


t f 

( 42 ) 


Bolts and threaded rods in tension (tensile 
stress to be calculated on the tensile stress 
area, A^) 

(42) : Additional forces due to prying effects shall 
be taken into account. For tensional bolts, the 
stress range depends on the connection geometry. 

NOTE — In connections with tensioned bolts, 
the change in the force in the bolts is often 
less than the applied force, but this effect is 
dependent on the geometry of the 
connection. It is not normally required that 
any allowance for fatigue be made in 
calculating the required number of bolts in 
such connections. 


NOTE : The arrow indicates the location and direction of the stress acting in the basic 

material for which the stress range is to be calculated on a plane normal to the 
arrow. 
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Table 19 (d) Detail Category Classification Group : 4 Welded 
Details - In Hollow Sections 

(Clauses 511.2.2.1 and 511.3) 


SI 

No. 

(I) 


DcuU Category 


( 2 ) 


CoaMnwlioaal Delalli 


lllutuaiioa (jec Note) 
(3) 


DMcHption 

(<3 


103 



Continuous automatic longitudinal welds 

(43) : No stop-starts, or as manufactured, proven 
free to detachable discontinuities. 


M3) 


ii) 


66 

(r 2 8 min) 


S2 

{r<8itifn> 




(+«) 


Transverse butt welds 

(44) : Butt-welded end-to-end connection of 
circular hollow sections. 

NOTE — Height of the weld reinforcement less 
than 10 percent of weld with smooth transition 
to the plate surface. Welds made in flat position 
and proven free to detachable discontinuities. 


lil) 


iv) 


S2 

(r2 8mm) 


41 

(r < 8 mm) 


41 

(/ 2 8 mm) 


37 

(/ < 8 mm) 


^ PH 


(45) : Butt-welded end-to-end connection of 
rectangular hollow sections 


( 45 ) 



Butt welds to intermediate plate 

(46) : Circular hollow sections, end-to-end butt- 
welded with an intermediate plate. 


37 

(12 8 mm) 


30 

(/ < 8 mm) 


(47) Rectangular hollow sections, end-to-end butt 
welded with an intermediate plate 


( 47 ) 


Vi) 


52 



[section WBTH 

^lOOmm 


Welded attachments (non-load-carrying) 

(48) : Circular or rectangular hollow section, fillet 
welded to another section. Section width parallel 
to stress direction <100 mm. 


( 48 ) 


vii) 


33 

(/ < 8 mm) 


29 

(t < 8 mm) 


EO 



Fillet welds to intermediate plate 

(49) : Circular hollow sections, end-to-end fillet 
welded with an intermediate plate. 


( 49 ) 


viii) 


29 

(/ 2 8 mm) 


27 

(/ < 8 mm) 


(50) : Rectangular hollow sections, end-to-end 
fillet welded with an intermediate plate. 


(SO) 


NOTE : The arrow indicates the location and direction of the stresses acting in the basic 

material for which the stress range is to be calculated on a plane normal to the 
arrow. 
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511.4 Fatigue Strength 

The fatigue strength of the standard detail for the normal or shear fatigue stress range, not 
corrected for effects discussed in Clause 511.2.1 is given below (Figs. 11 & 12) 

a) Normal stress range 
when < 5 X10^ 

f,=f„ 

when 5 X 10^ < <10^ 

f,=f„ ^5xlO‘/N^ 

b) Shear stress 

Tf = ^5x10^/N sc 

where, 

= design normal and shearfatigue stress range of the detail, respectively, 
for life cycle of 

= normal and shearfatigue Strength of the detail for5 X 10® cycles, forthe 
detail category (Table 19) 



Number Of Stress Cycles (N^^) 

Fig. 11 S-N Curve for Normal Stress 
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Number Of Stress Cycles (N^^) 

Fig. 12 S-N Curve for Shear Stress 


511.5 Fatigue Assessment 

The design fatigue strength for life cycles [f^^, t^J may be obtained from the standard 
fatigue strength for/y^^ cycles by multiplying with correction factor, p.^., for inspection level and 
thickness, as discussed in Clause 511.2.1 and dividing by partial safety factor given in 

Table 18. 

511.5.1 Exemptions - Many point in a structure if the actual normal and shear stress 
range/, are less than the design fatigue strength range corresponding to 5 x 10® cycles, with 
appropriate partial safety factor, no further assessmentforfatigue is necessary atthat point. 

511.5.2 Stress limitations 

511.5.2.1 The (absolute) maximum value ofthe normal and shearstresses shall never 
exceed the elastic limit forthe material undercyclic loading. 

511.5.2.2 The maximum stress range shall not exceed 1.5/, for normal stresses and 
I'S/./Vs forthe shearstresses underany circumstance. 
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511.5.2.3 Consfanfsfress range - The actual normal and shearstress range/and t at 
a point of the structure subjected to A^^^cycles in life shall satisfy. 

/ < 4 = 

T< A, 

where 

ju ^ = correction factor (Clause 511.2.1) 

= partial safety factor againstfatigue failure, given in Table 18 

/^, T = normal and shearfatigue strength ranges forthe actual life cycle, 4 ^, obtained 
from Clause 511.4. 

511.5 .2.4 Variable stress range- Fatigue assessmentatany pointin a structure, wherein 
variable stress ranges/^, or (i = 1 to r) are encountered, shall 

satisfy the following: 

a) For normal stress (/) 


I/' 

5X 10‘(/;/„ / 5X10 “f ~ 

b) Forshearstresses (t) 

^n^T/< 5x10^ 

j=i 

where 7 ^ is the summation upper limit of all the normal stress ranges {f) having 
magnitude lesser than for that detail and the lower limit of all the 

normal stress ranges if.) having magnitude greater than 
{/^cffn^7mf) fof the detail. In the above summation all normal stress ranges, 
f. and T. having magnitude less than 0.55 and 0.55 rnay be 
disregarded. 

511.6 Necessity for Fatigue Assessment 

No fatigue assessment is necessary if any of the following conditions is satisfied, 
a) The highest normal stress range T satisfies 

<27a47„.„ 
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b) The highest shear stress range satisfies 

< 67 

c) The total number of actual stress cycles satisfies 


^ 27 //, 


N,, < 5x10^ 

V ' “/'“'/e? y 


Where/, =equivalentconstantamplitucle stress range in Mpa given by 


ffeq 




(=1 


j=r5 


1/3 


where 

X 

n = ^ 

3=1 

,f^.= stress ranges falling above and below they^^the stress range corresponding 
to the detail at5 x 10® number of life cycles. 


512 CONNECTIONS 

512.1 General 

512.1.1 The term "connection" applies to all joints between differentcomponents of a 
structural member, joints between separate structural members and splices in members. 

The term "fasteners" applies to bolts, rivets and pins. 

512.2 Basis of Design 

512.2.1 All connections should satisfy the provisions of Clause 512 for the ultimate 
limit state. 

512.2.2 The fatigue consideration should be in accordance with the recommendations 
of Clause 511 of this Code. 

512.2.3 The connections in a structure shall be designed so as to be consistent with 
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the assumptions made in the analysis of the structure and comply with the requirement 
specified in this Clause. Connections shall be capable of transmitting the calculated design 
loads and moments communicated by the members. 

512.2.4 Where members are connected to the surface of a web orflange of a section, 
the ability of the web orflange to transferthe applied forces locally should be checked and 
local stiffening provided where necessary. 

512.2.5 Ease of fabrication and erection, as also subsequent inspection and 
maintenance should be considered in the design of connections. 

512.2.6 In general, use of different forms of fasteners to transferthe same force shall 
be avoided. However, in any connection which is made with more than one type of fastening, 
only rivets and turned and fitted bolts may be considered as acting together to share the 
load. In all otherconnections sufficientnumberof one type offastening shall be provided to 
transmit the entire load forwhich the connection is designed. 

512.2.7 The partial safety factor in the evaluation of design strength of connections 
shall be taken as given in Table 1. 

512.3 Alignment of Members 

The centroidal axes of members meeting ata jointorata splice should preferably meetata 
point. When this is notthe case, the momenton the connection due to any eccentricity should 
be taken into account. 

512.4 Welded Connections 

512.4.1 Welds shall conform to IS 816 and IS 9595 as appropriate. 

512.4.2 Types of welds 

The following types of welds can be used : 

a) Continuous full penetration or partial penetration buttwelds. 

b) Continuous or intermittentfilletwelds, 

c) Plug welds 

Intermittent butt we Ids shall notbe used. 

Partial penetration buttwelds shall not be used for transmitting tensile forces orbending 
moments along longitudinal axis ofthe welds. Plug welds shall not be used fortransmitting 
loads or moments and shall be used only to prevent the buckling or separation of lapped 
parts orto jointcomponents of built-up members. 
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512.4.3 Strength of weld 

512.4.3.1 Buttweld 

The strength of a full penetration butt weld shall be taken as equal to the strength of the 
weakerof the parts joined provided the yield stress of the weld metal is atleastequal to that 
of the parent metal. 

The strength of a partial penetration buttweld together with its reinforcing fillet weld, if any, 
shall be calculated as fora full penetration filletweld. The throatthickness shall be taken as 

a) the depth of weld preparation where this is of the j or U type. 

b) the depth of weld preparation minus 3 mm where the preparation is the V 
or bevel type. 

512.4.3.2 Filletweld 

The strength of a filletweld shall be based on the effective throatthickness and the effective 
length. 

The effective throatthickness shall be considered as the height of a triangle that can be 
inscribed within the weld and measured perpendicularto its outerside. 

The effective length shall be considered as the actual length minus twice the leg length. In 
case of fillet welds with end returns as per Clause 512.4.4.1 the effective length shall be 
considered as the actual length. 

512.4.4 General requirements of welds 

512.4.4.1 Fillet welds 

Maximum leg length of a filletweld shall be 1 mm less than the thickness ofthe connected 
parts atthe edge. 

Minimum leg length of a filletweld shall be in accordance with IS 9595 Intermittent fillet welds. 

Intermittent fillet we Id should notbe used atlocations where they could resultin the possible 
formation of rust pockets. Where the connection is protected from weather, e.g. in the interior 
of box sections, intermittentfillet welds are permitted. 
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The clear unconnected gap between the ends of the welds whether in line orstaggered shall 
not be more than 200 mm and also shall not be more than - 

a) 12 times the thickness of the thinner partwhen the partis in compression 

b) 16 times the thickness of the thinner partwhen the partis in tension 

c) One-quarter of the distance between stiffeners when used to connect 
stiffeners to a plate or other pa its object to compression or shear. 

In a line of intermittent welds, there shall be a weld ateach end ofthe partconnected. 

In built-up members in which plates are connected by intermittent welds, continuous side 
filletwelds shall be provided atthe ends of each side ofthe plate fora length atleastequal to 
three quarterof the width ofthe narrower plate concerned. In exceptional cases, where this 
is notpossible, the intermittent plug orslotweld shall be provided to preventseparation. 

End returns 

The filletweld shall be returned continuously around the corneratthe end ofthe side of a part 
fora length beyond the cornerof notless than twice the leg length ofthe weld. 

End connections by side fiiiets 

If side fillets alone are used in end connections, both sides ofthe partshall be welded and 
the length ofthe weld on each side shall not be less than the distance between the welds nor 
less than 4 times the thickness ofthe thinnest partconnected. Where the distance between 
the welds exceeds 16 times the thickness of thinnest partconnected, intermediate plug or 
slotwelds shall be used to preventseparation. 

End connections by transverse weids 

The overlap between the connected parts shall not be less than fourtimes thickness ofthe 
thinnest part and the parts shall be connected by two transverse lines ofwelds. Where the 
distance between the weld exceeds 16 times the thickness ofthe thinnest partconnected 
intermediate slotor plug welds shall be used to preventseparation. 

Weids with packings 

Where two parts connected by welding are separated by packing having thickness less than 
the leg length of a weld necessary to transmit the force, the required leg length will be 
increased by thickness ofthe packing. The packing shall be trimmed flush with the edge of 
the part which is to be welded. Where two parts connected by welding are separated by 
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packing having a thickness equai to or greater than the ieg iength of weid necessary to 
transmit force, each of the parts shaii be connected to the packing by a weid capabie of 
transmitting the design force. 

Welds in holes and slots 

Fiiiets weids in hoies orsiots may be used to transmit shear in iap joints orto preventthe 
buckiing orseparation of the iapped parts orto join components of buiit-up members. 

512.4.4.2 T butt joints 

Butt weids in T joints shaii be compieted by means of fiiiet weids each having a size of not 
iess than 25 percentof the thickness of the outstanding part. 

512.4.4.3 Plug welds 

The entire area of the hoie orsiotshaii be fiiied with weid metai having a thickness 

a) equai to the thickness of the hoied or siotted part where it is 16 mm or 
iess. 

b) in othercases, notiess than any ofthe foiiowing : 

1 ) 16 mm 

2) 0.45 times the diameterofthe hoie orthe width ofthe siot. 

3) One-tenth ofthe iength of siot but not greater than the thickness of 
the hoied orsiotted part. 

The diameterof the hoie orthe width of a siotshaii notbe iess than the thickness ofthe hoie 
orsiotted parts pius 8 mm. 

The distance between centres of hoies or between the centre iines of siots shaii notbe iess 
than four times the diameter of the hoie orthe width ofthe siot. The distance between the 
centres ofthe siots measured in the direction of their iength shaii notbe iess than doubie the 
iength ofthe siot. 

The ends ofthe siotshaii be semicircuiar except where the siot terminates at the edges of 
the partwhere itcan be square. 

512.4.4.4 Welding procedure 

The weiding procedure and detaiis shaii be in accordance with iS 9595 uniess otherwise 
stipuiated in this Ciause. 
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512.4.5 

Design stresses In welds 

512.4.5.1 

Shop welds 

512.4.5.1.1 

area. 

Fillet welds - Design strength of a fillet weld, 4 ^ shall be based on its throat 

where 

f,=f '7 

/ 

= fjs 

fu 

= smallerofthe ultimate stress ofthe weld orthe parentmetal 

7 

' mw 

= partial safety factor (Table 1) 


512.4.5.1.2 Buttwelds - Buttwelds shall be treated as parent metal with a thickness equal 
to the throatthickness, and the stresses shall not exceed those permitted in the parent metal. 

512.4.5.1.3 Slotorplug welds - The design shearstress of slotor plug welds shall be as 
per Clause 512.4.5.1.1. 

512.4.5.2 Site welds - The design strength in shear and tension for site welds made 
during erection of structural members shall be calculated as per Clause 512.4.5.1, using 
appropriate partial safety factor as per Table 1. 

512.4.5.3 Long joints - When the length of the welded joint, , of a splice or end 
connection in a compression ortension element is greaterthan 150 r,, the design capacity 
of weld (Clause 512.4.5.1.1), 4 ^, shall be reduced by the factor 



0.2L 

/3^=1.2 ^< 1.0 

150r, 

where 

/^ = length ofthe joint in the direction ofthe force transfer 

r, =throatsize ofthe weld 

512.4.6 

Fillet weld applied to the edge of a plate or section 


512.4.6.1 Where a filletweld is applied to the square edge of a part, the specified size 
of the weld should generally be at least 1.5 mm less than the edge thickness in orderto avoid 
washing down of the exposed areas (Fig. 13a). 
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512.4.6.2 Where a fillet weld is applied to the rounded toe of a rolled section, the 
specified size of the weld should generally not exceed of the thickness of the section atthe 

toe (Fig. 13b). 

512.4.6.3 Where the size specified fora filletweld is such thatthe parent metal will not 
project beyond the weld, no melting ofthe outer cover or covers shall be allowed to occurto 
such an extentas to reduce the throatthickness (Fig. 14). 



Fig. 13 Fillet Welds on Square Edge of Plate or Round Toe of Rolled Section 



y//////////////////////////A 



7//////////////////////////A 



V///////////////////////////. 


a) DESIRABLE 


b) ACCEPTABLE BECAUSE OE c) NOT ACCEPTABLE BECAUSE OE 

LULL THROAT TfflCKNESS REDUCED THROAT THICKNESS 


Fig. 14 Full Size Fillet Welds Applied to the Edge of a Plate or Section 

512.4.6.4 When fillet welds are applied to the edges of a plate or section in members 
subject to dynamic loading, the filletweld shall be offull size, thatis, with its leg length equal 
to the thickness ofthe plate orsection, with the limitations specified in Clause 512.4.6.3. 

512.4.6.5 End filletweld normal to the direction of force shall be of unequal size with a 
throatthickness not less than 0.5r where t is the thickness ofthe partas shown in Fig. 15. 
The difference in thickness ofthe welds shall be negotiated ata uniform slope. 
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h:b = 1:2 or Flatter 



Fig. 15 End Fillet Welds Normal to Direction of Force 


512.4.7 Stresses due to individual forces - When subjected to either compressive or 
tensile or shear force alone, the stress in the weld is given by : 

P 

i°^‘i=Tr 

^rw 

where 

= calculated normal stress due to axial force in N/mm^ 
q = shearstress in N/mm^ 

P = force transmitted (axial force Worthe shearforce 2) 

= effective throatthickness of weld in mm 
I = effective length of weld in mm 
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512.4.8 Combination of stresses 

512.4.8.1 Fiiietweids 

512.4.8.1.1 When subjected to a combination of normal and shearstress, the equivalent 
stress fe shall satisfy following 

where 

4 = normal stresses, compression or tension, due to axial force or bending 

moment(Clause 512.4.7) 

q = shearstress due to shearforce ortension (Clause 512.4.7) 

512.4.8.1.2 Check forthe combination of stresses need not be done for: 


a) Side fiiietweids joining cover plates and flange plates, and 

b) Fiiietweids where sum of normal and shearstresses does notexceed/^^ 
(Clause 512.4.5.1.1) 

512.4.8.2 Buttweids 

512.4.8.2.1 Check forthe combination of stresses in buttwelds need not be carried out 
provided that : 

a) Buttwelds are axially loaded, and 

b) In single and double bevel welds the sum of normal and shearstresses 
does not exceed the design normal stress, and the shearstress does 
not exceed 50 percentofthe design shearstress. 

512.4.8.2.2 Combined bearing, bending and shear - Where bearing stress, 4^, is 
combined with bending (tensile orcompressive),4, and shearstresses, q, underthe most 
unfavorable conditions of loading in buttwelds, the equivalentstress,4, as obtained from 
the following formula shall notexceed the values allowed forthe parent metal. 

f, = 

where 

4 = equivalent stress 

4 = calculated stress due to bending in N/mm^ 

4^. = calculated stress due to bearing in N/mm^ 

q = shearstress in N/mm^ 
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512.5 Connections made with Bearing Type Bolts, Rivets or Pins 

512.5.1 General 

Connections and splices in all members may be made by the use of fasteners (bolts, rivets 
orpins). The arrangement of plates, rolled sections and otherconnecting elements shall be 
such as to make proper provision for all axial, flexural, shear and/or torsional forces in the 
members being connected. 

Bolted orriveted splices in all compression members shall be located as nearas practicable 
to points of effective lateral support. 

A membercarrying a calculated stress shall nothave a splice orconnection with a single bolt 
or rivet. 

Connections and splices for minor members, such as light bracing members, railings, etc. 
may have single bolted or riveted connections. 

Minimum dia offasteners used in load bearing members shall be 16 mm diameter. 

512.5.2 Connections and splices in flexural members 

a) The connection between a flange and a web of a built-up girdershall be 
designed to transmit the longitudinal shearforce in the flange combined 
with any vertical loads which are directly applied to the flanges. 

b) Flange splices 

1) General 

Flange splices to join flange components are to be made from 
the same grade of steel butmay be of differentcross-sections. 

2) Bolted or riveted splices 

Where bolted orriveted splice plates are used to obtain a splice 
in a flange the sum oftheirareas shall be atleastequal to the 
area of the flanges as spliced. The centres of gravity of the 
sections on either side of the splice shall coincide as far as 
practicable. The splice plates and connections on each side of 
the splice shall be capable of transmitting at leastthe greater 
of- 


i) 1.10 times the force in the flange atthe splice point 
computed from factored loads. 
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ii) 0.80 times the maximum capacity of the weaker 
flange, considering appropriate safety factor 
(Table 1), the net section being used for tension 
flanges and the gross section forcompression flanges. 

c) Web splice 

A splice in the web of a plate girderor rolled section used as a beam shall 
be designed to resist the shearing forces and the portion of the design 
moment in the web, and forthe momentdue to the eccentricity of shear 
introduced by the splice connection, computed from factored loads. 

Web plates shall be spliced symmetrically by plates on each side. The 
splice plates shall extend as far as practicable for the full depth of the 
web. There shall not be less than at least two rows of rivets or bolts on 
each side of the joint. 

512.5.3 Connections in trianguiated structures 

a) Eccentric connections : 

Axially stressed members meeting ata jointshall have theirgravity axes 
intersectata point if practicable; if not, provision shall be made forbending 
stresses due to the eccentricity 

b) Connections at intersections : 

Connection of members at an intersection shall develop at least 1.10 times 
the design loads and moments in the members computed from factored 
loads. Due regard to the nature and distribution of stress overthe cross- 
section of the members shall be given in determining the distribution of 
the fasteners. 

All members shall, where possible, be so connected that the load is 
appropriately distributed overtheir cross-section. 

If this is impracticable, consideration shall be given to the way in which 
the stresses atthe joint are distributed to those parts of the cross-section 
ofthe memberwhich are notdirectly connected atthe joint. Forthis purpose 
the angle of distribution of stress may be taken as 45°. 

Gusset plates shall be capable ofsustaining 1.05 times the design loads 
and moments transmitted by the members. If an unsupported edge of a 
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gussetplate is in compression and if the length of such edge exceeds 50 
times the thickness of the gussetplate, the edge shall be suitably stiffened. 

c) Splices in tension members and compression members of non bearing 
type 

Such splices shall be made symmetrical about the gravity axes of the 
members as far as is practicable. 

Bolted/riveted splices shall be designed forany applied moment computed 
from factored loads and the greater of 

1) 1.10 times the computed forces in the member, and 

2) 0.80 times the capacity of the member, considering appropriate 
partial safety factor (Table 1). 

The ends of the members need not be in close contact. 

d) Splices in compression members of bearing type 

In bearing type splices in a compression member, the ends of the members 
shall be machined and assembled to be in close contactwith each other. 
Fora bearing splice it may be assumed thatthe machined faces transmit 
50 percent of the compressive force in the member. The splice plates 
and connection shall be however designed to transmit 
60 percent of the factored compressive force in the member and the 
factored moment, if any. 

NOTE : Before specifying bearing splices the designer shall, however, satisfy himself that 

such facilities for machining are available in the particular project. 

512.5.4 Details of bolted and riveted connections 
a) Diameterof bolt and rivet holes 

The diameter of a bolt hole shall generally be taken as the nominal 
diameterof the bolt plus 1.5 mm unless otherwise specified 

The diameter holes of a rivet of upto 25 mm nominal diameter shall be 
taken as 1.5 mm largerthan the nominal diameterofthe rivetand 2.0 mm 
largerthan the nominal rivet diameter in case of larger diameter rivets. 
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b) Edge distances 

1) In case of rolled, machine flame cut, sawn or plane edges the 
distance between the centre of the rivet or bolt hole to such edge 
shall notbe less than 1.5 times the diameterofthe hole. 

2) In case of sheared or hand flame cut edges the edge distance shall 
be 1.75 times the diameterof the hole. 

3) The maximum edge distance to the nearest line of fasteners from 
an edge of any unstiffened part should not exceed 12f where f is 
the thickness ofthe thinnerouter plate (This rule does notapply to 
fasteners interconnecting the components of back-to-back tension 
members). Where the members are exposed to corrosive 
influences the maximum edge distance shall not exceed 40 mm 
plus 4twhere tis the thickness ofthinnerconnected plate. 

c) Pitch of bolts or rivets 

1) The minimum distance between the centres of any two adjacentbolts 
orrivets shall notbe less than 2.5 times the diameterofthe shankof 
the bolt or rivet. 

2) The maximum distance between the centres of any two adjacent 
bolts or rivets connecting members either in tension or in 
compression shall not exceed either 32f or 300 mm, where t is 
thickness ofthe thinneroutside element. 

3) The distance between centres of two consecutive bolts or rivets 
in a line along the direction ofstress shall not exceed 16for200 
mm in tension members, and 12f or 200 mm in compression 
members. In the case of compression members transferring forces 
through butting faces the pitch shall not exceed 4.5 times the 
diameter of bolt or rivet from the abutting faces. This pitch will 
apply for a distance equal to 1.5 times the width ofthe member. 

4) When bolts orrivets are staggered atequal intervals and the gauge 
does not exceed 75 mm, the distance as specified in (2) and (3) 
above between centre of adjacentconnectors may be increased by 
50 percent. 
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5) Except as noted in (4) above, the distance between centre of two 
consecutive bolts orrivets in a line adjacentand parallel to an edge 
of an outside connected partshould not be greaterthan (100 mm 
+4t) or 200 mm, whichever is lesser, where tis the thickness of the 
thinneroutside plate. 

d) Rivets with countersunk head 

For countersunk rivets, half of the depth of the countersinking shall be 
neglected in calculating the length of the rivet in bearing. As far as possible 
rivets in tension shall be avoided. However, when rivets with countersunk 
heads are in tension, the tensile value of the rivets shall be reduced by 
33 V 3 percent. No reduction is needed in shear 

e) Long rivets 

The grip of rivets carrying calculated loads shall not exceed 8 times the 
diameter of the holes. Where the grip exceeds 6 times the diameter of 
the hole, the number of rivets required by normal calculations shall be 
increased by not less than half percent for each additional millmetre of 
length of grip above 6 times the hole diamter. 

f) Rivets or bolts through packing 

Number of rivets orbolts carrying calculated shearth rough a packing shall 
be increased above the number required by normal calculations by 
2.5 percentforeach 2 mm thickness of packing, exceptthat, for packing 
having a thickness of upto 6 mm, no increase need be made. Fordouble 
shearconnections packed on both sides, the numberof additional rivets 
or bolts required shall be determined from the thickness of the thicker 
packing. The additional rivets or bolts shall be placed in an extension of 
the packing. 

512.5.5 Bearing type bolts 

512.5.5.1 Effective areas of bolts 

Since threads can occurin the shearplane, the effective area for resisting shearshould 
normally be taken as the net tensile stress area, of the bolts. For bolts where the net 
tensile stress area is notdefined, A ,shall be taken as the area atthe root of the threads. 

nb 
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Where itcan be shown thatthe threads do not occur in the shear plane. may be taken as 
the cross section area, A , atthe shank. 

• The netsectional area ofa boltorscrewed tension rod A ,shall betaken 

nb 

as the tension area forthe particulardiameterof boltas given in the table 
below : 


Nominal Bolt 

Diameter (mm) 

12 

14 

16 

18 

20 

22 

24 

27 

30 

33 

Nominal Stress 

Area (mm^) 

84 

115 

157 

192 

245 

303 

353 

459 

561 

694 


512.5.5.2 A boltsubjected to a factored shearforce {Vj shall satisfy the conditon 


Where is the design strength of the bolt taken as the smaller of the 
value as governed by shear, (Clause 512 . 5 . 5 . 3 ) and bearing, 
(Clause 512 . 5 . 5 . 4 ) 

512.5.5.3 Shear capacity of bolt - The design strength of the bolt, as governed 
shearstrength is given by 


dsb nsb ' mb 

where 

y^^^ = nominal shearcapacity of a bolt, calculated as follows : 

f 

V = ^ (n A ^ + n A 

nsb l-j ^ n nb s sb' 

where 

= ultimate tensile strength of a bolt 

= numberofshearplanes with threads intercepting the shearplane 
= numberofshearplanes withoutthreads intercepting the shearplane 
A, = cross-sectional area of the boltatthe shank 

sb 

A^^ = netshear area of the bolt taken as the area corresponding to rootdiameter 
atthe thread. 
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512.5.5.4 Bearing capacity of bolt- The design strength of a bolton any plate, as 
governed by bearing is given by 

V = y / r 

dpb npb ' mb 

where 


y^^^^ = nominal bearing strength of a bolt, calculated as follows : 

= 2.5 k,dtf‘ 

where 

is smallest of e/3d ^; - 0.25; fjf^ ; 1.0 

e, p = end and pitch distances of the fastener along bearing direction 
d = diameterof the hole 

o 

f = smaller of /,,/ 

fub’ fu ~ ultimate tensile stress of the boltand ofthe plate respectively 
d = nominal diameterof the bolt 

t = summation ofthe thicknesses ofthe connected plates experiencing bearing 
stress in the same direction, or, if the bolts are countersunk, the thickness of 
the plate minus one half of the depth of countersinking 

NOTE : The block shear ofthe edge distance due to bearing force may be checked as 

given in Clause 506.1.3 


512.5.5.5 Tension capacity of bolt - A bolt subjected to a factored tensile force (rj 
shall satisfy 

Tb < T,, 

where 


T = T / y 

db nb ' mb 

and = nominal tensile capacity ofthe bolt, calculated as follows 

T„b = ^-^^fub\b<fyb\b(rJrJ 

where 

= ultimate tensile stress of the bolt 
= yield stress of the bolt 

= net tensile stress area as specified in Clause 512.5.1 
A,, = shank area of the bolt 

sb 
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512.5.6 Rivets 

512.5.6.1 Effective areas of rivets 

Gross area of a rivet. A shall be taken as the cross-section area of the rivet hole. 

r 

512.5.6.2 A rivet subjected to a factored shearforce {Vj shall satisfy 

y < y, 

sr — ar 

Where is the design strength of the rivet taken as the smaller of the 
values as governed by shear (Clause 512.5.6.3) and bearing 
(Clause 512.5.6.4) 

512.5.6.3 Shear capacity of rivet 

The design strength ofthe rivetas governed by shearstrength is given by : 


y^ = y / r 

dsr ' 


nsr ' inr 


where 


y = nominal shearcapacity of rivetcalculated as flows : 


y = 

nsr 




X (n.A) 


where 

= ultimate tensile strength of a rivet 
n = numberof shear planes 
A = area of the rivet hole 

r 

512.5.6.4 Bearing capacity of rivet 

The design strength of a riveton any plate as governed by bearing is given by 


y^ = y / r 

apr npr ' mr 


where 


y = nominal bearing strength of a rivetcalculated as follows 
= 2.5 k.d.t.f 

r It 
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where 

k = smaller of—0.25; —;1.0 

' 3da /„ 

e,p = end and pitch distances of the fastener along bearing direction 
d = diameterof the hole 

o 

f = smallerof the/ ,/ 

fw’fu ~ ultimate tensile stress of the rivet and of the plate, respectively. 
d = diameter of the rivet hole 

t = summation of the thicknesses of the connected plates experiencing bearing 
stress in the same direction, or if the rivets are countersunk, the thickness of 
the plate minus one half ofthe depth of countersinking. 

NOTE : The block shear of the edge distance due to bearing force may be checked as 

given in Clause 506.1.3, 

512.5.6.5 Rivets subjected to axial tension 


The use of rivets in tension should be avoided wherever possible. When unavoidable the 
factored tensile force (r) shall satisfy 


T <T. 

r — dr 


where 


T=T/y 

dr nr mr 

and = nominal tensile capacity ofthe rivetcalculated as follows : 

T =0.90/ A <f .A (r /r ) 

where 

f = ultimate tensile stress ofthe rivet 
= yield stress of the rivet 
A = area ofthe rivet hole 

r 

512.5.7 Bolt and rivets subjected to combined shear and tension - A bolt or rivet 
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required to resist both design shearforce {Vj and design tensile force (r^) atthe same time 
shall satisfy 


f 

V 


V. 


sb 


V. 


db J 


+ 



T 

\^db y 


< 1.0 


where 

= factored shearforce acting on the boltyrivet 
= design shear capacity (Clauses 512.5.5.3 & 512.5.6.3) 

= Factored tensile force acting on the bolt/rivet 
= design tension capacity (Clauses 512.5.5.5 & 512.5.6.5) 

512.5.8 Long joints - When the length of the joint, of a splice orend connection 
in a compression ortension elementcontaining more than two fasteners (i.e. the distance 
between the first and last rows of fasteners in the joint, measured in the direction of the 
load transfer) exceeds 15d in the direction of load, the nominal shear capacity of the 
fastener (Clauses 512.5.5.2 & 512.5.6.2) shall be reduced by the factor, (5 , given by 

p,. = 1.075-//(200d) butO.75 < ^/. < 1.0 

= 1.075 - 0.005(//J) 

where 

d = nominal diameterof the fastener 

NOTE : This provision does not apply when the distribution of shear over the length of 

joint is uniform as in the connection of web of a section to the flanges. 

512.5.9 Large grip iengths - When the grip length, (equal to the total thickness of 
the connected plates) exceeds 5 times the diameter, d, of the fastener the design shear 
capacity shall be reduced by a factor given by 

=8J/(3J + y 

= 8/(3 + IJd) 

yff,^shall notbe more than yff ..given in Clause 512.5.8. The grip length, /^in no case shall be 
greaterthan 
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Packing Plates The design shearcapacity of bolts carrying shearthrough a packing plate in 
excess of 6 mm shall be decreased by a factor, given by 

Pr. =(1-0-0125 g 


where 

= thickness of the thicker packing in mm 

512.6 Connections made with High Strength Friction Grip (HSFG) Bolts 

512.6.1 In high strength friction grip bolting, initial pretension in boltdevelops clamping 
force atthe interfaces of elements being joined. The frictional resistance to slip between the 
plate surfaces subjected to clamping force opposes slip due to externally applied shear. 
Friction grip type bolts and nuts shall conform to IS 3757. Their installation procedures shall 
conform to IS 4000. 

512.6.2 Long joints - The provision forthe long joints in Clause 512.5.8 shall apply to 
friction grip connections also. 

512.6.3 Capacity after slipping - When friction type bolts are designed not to slip 
only under service loads, the design capacity at ultimate load may be calculated as per 
bearing type connection (Clause 512.5.5). 

The block shear resistance of the edge distance due to bearing force may be checked as 
given in Clause 506.1.3. 

512.6.4 Tension resistance - A friction bolt subjected to a factored tension force (rp 
shall satisfy 


where 

T = T /y 

g = nominal tensile strength of the friction bolt, calculated as 
follows: 


Tnf = 
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where 


f, = ultimate tensile stress of the bolt 

= net tensile stress area as specified in IS 1367. (For bolts where the tensile 
stress area is not defined, A shall be taken as the area at the root of the 

n 

threads) 

A, = shank area of the bolt 

sb 

= partial factorof safety 


512.6.5 Combined shear and tension Bolts in a connection for which slip in the 
serviceability limit state shall be limited and which are subjected to a tension force, T, and 
shearforce, V, shall satisfy 


'"''A 


f T,y 


-^1 + 1^1 < 1.0 


v: 


df 


z 


df^ 


where 


V 

= applied factored shear atdesign load 

df 

= design shearstrength 

T 

f 

= externally applied factored tension atdesign load 

T 

df 

= design tension strength 

512.7 

Prying Forces 


Where prying force, Q, is significant, prying force shall be calculated as given below and 
added to the tension in the bolt. 


where 


l 


I 


Pv fo y y 

27 4 C J 

t 2T 

= distance from the bolt centreline to the toe of 
the filletweld orto half the rootradius fora rolled 
section; 

= distance between prying force and bolt 

centerline and is the minimum of, eitherthe end 1 i 

distance orthe value given by T+Q 
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p = 2 fornon pre-tensioned boltand 1 forpre-tensioned bolt 
n = 1.5 

= effective width of flange per pair of bolts 
4 = proof stress in consistent units 

t = thickness of the end plate 

513 FABRICATION AND INSPECTION 


513.1 General 

All work shall be in accordance with the drawings and clauses of this code unless otherwise 

agreed. 

513.2 Laminations in Plates 

The following areas of plate shall not have laminations exceeding the prescribed limits : 

a) Steel plate and sections in which tension stresses are transmitted through 
thickness of plate or in region in which lamination could affect the buckling 
behaviourundercompression and bending compression. 

b) On each side of welded bearing diaphragm, strip offlange and web plate 
having width equal to 25 times of theirthickness. 

c) The strip of web plate having 25 times thickness on each side of single 
sided bearing stiffener welded to web. 

d) For welded cruciform joints transmitting tensile stress through the plate 
thickness on strip having width fourtimes the thickness of plate on each 
side of attachment 

e) Foredges of plates where cornerwelds are provided on to the surface of 
such plates. 

Other areas of plate, section specified by the Engineer shall not have 
lamination exceeding prescribed limits. 
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513.3 Storage of Materials 

All material, consumable, including raw steel or fabricated material shall be stored 
specificationwise and sizewise above the ground upon platforms, skids orothersupports. 
These shall be kept free from dirt and other foreign matter and shall be protected from 
corrosion and distortion. The electrodes shall be stored specificationwise and shall be 
kept in dry warm condition in properly designed racks. The bolts, nuts, washers and 
other fasteners shall be stored on racks above the ground with protective oil coating in 
gunny bags. The paint shall be stored undercover in air tight containers. 

513.4 Straightening, Bending and Pressing 

513.4.1 Straightening and flattening of steel shall be done by methods that will not 
injure the metal. Hammering shall not be permitted. 

Straightening by heating shall be done undercontrolled procedure. Temperature of the steel 
shall notbe more than 650°C; heating and cooling rate shall be appropriate to the particular 
type of steel and shall be agreed by the authorities. Accelerated cooling shall not be used 
withoutthe approval of Engineer. 

513.4.2 Bending and curving 

513.4.2.1 Steel having yield stress more than 360 MPa shall notbe heatcurved. 

513.4.2.2 Heating procedure - Rolled beams and girders may be curved by either 
continuous orV-type heating as approved by Engineer. 

a) For the continuous method, a strip of sufficient width along the edge of 
top and bottom flange shall be heated simultaneously to desired 
temperature to obtain required curve. 

b) For V-type of heating, the top and bottom flanges shall be heated in 
truncated triangularor wedge-shaped areas having their base along the 
flange edge and spaced at regular intervals along each flange. The 
truncated triangular pattern shall have an angle 15 to 30 degrees with 
base notmore than 250 mm long. The spacing and temperature shall be 
as required to obtain the required curvature and heating shall be at 
approximately same rate along the top and bottom flanges. 

Forflange thickness of 32 mm ormore, both inside and outside surfaces 
shall be heated concurrently. 
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513.4.2.3 Temperature 

The heatbending shall be conducted so thatthe temperature of steel does not exceed 620°C. 
The girdershall notbe artificially cooled until temperature comes down to 315°C by natural 
cooling. The method of artificial cooling has to be approved by Engineer. 

513.4.2.4 Camber 

Camberfor rolled beams may be obtained by heatcurving methods approved by Engineer. 
Forcamberin plate girders, the web shall be cut to prescribed camberwith suitable allowance 
forshrinkage due to cutting, welding and heatcurving. 

513.5 Workmanship 

513.5.1 Fabricatorhas to submita Quality Assurance Plan according to the nature of 
fabrication work such as welded fabrication or rivetted fabrication and the same should be 
approved by the client. Quality Assurance Plan should elaborate Nodal pointchecking and 
inspection during the stages of fabrication and also the materials. 

513.5.2 Fabrication work shall be taken up only after receipt of approved fabrication/ 
working drawing. 

513.5.3 All members shall carry mark numberand item numberand, if required, serial 
number. Method of marking shall be commensurate with the process of manufacture and 
shall ensure retention of identity atall stages. 

513.5.4 Preparation of edges, ends and surfaces 

Material shall be cleaned and any burring, scales orabnormal irregularities shall be removed. 
513.5.4.1 Edge end planing and cutting 

End/edge planing and cutting shall be done by anyone of the following prescribed methods 
or left as rolled. 

a) Shearing, cropping, sawing, machining, machine flame cutting. 

b) Hand flame cutting with subsequentgrinding to a smooth edge. 

c) Sheared edges of plate not more than 16 mm thick with subsequent 
grinding to smooth profile, which are for secondary use such as stiffeners 
and gussets. 

If ends of stiffeners are required to be fitted they shall be ground so that 
the maximum gap over 60 percent of the contact area does not exceed 
0.25 mm. 
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513.5.4.2 Shearing and flame cutting 

Where flame cutting or shearing is used as specified in Clause 513.5.4.1 atleastone of 
following requirements shall be satisfied. 

a) The cut edge is not subjected to applied stress. 

b) The edge is incorporated in weld. 

c) The hardness of cut edge does notexceed 350 HV 30. 

d) The material is removed from edge to the extent of 2 mm or minimum 
necessary, so thathardness is less than 350 HV 30. 

e) Edge is suitably heat-treated by approved method to the satisfaction of 
Engineerand shown thatcracks had not developed by dye penetrantor 
magnetic particle test. 

f) Thickness of plate is less than 40 mm for machine flame cutting for 
materials conforming to IS 2062 upto Grade E250 (Fe 410w). The 
requirement of hardness below 350 HV 30 of flame cut edges should be 
specified by E ngineer. Whereverspecified by the Engineerthe flame cut 
edges shall be ground ormachined overand above requirement(a) to (f). 

513.5.4.3 Where machining foredge preparation in buttjointis specified, the ends shall 
be machined afterthe members have been fabricated. 

513.5.4.4 Outside edges of plate and section, which are prone to corrosion shall be 
smoothened by grinding orfiling. 

513.5.5 Rivet and bolt holes 

513.5.5.1 Holes for rivets, black bolts, high strength bolts and countersunk bolts/rivets 
(Excluding close tolerance and turn fitted bolts) - All holes for rivets or bolts shall be either 
punched ordrilled. The diameterof holes shall be 1.5 mm larger for bolts/rivets upto 25 mm 
dia and 2.0 mm for more than orequal to 25 mm. 

All holes shall be drilled exceptforsecondary members such as, floor plate, handrails, etc. and 
members which do not carry the main load can be punched subject to the thickness of member 
does notexceed 12 mm formaterial conforming to IS 2062 upto Grade E 250 (Fe 410w). 

Holes through more than one thickness of material orwhen anyofthe main material thickness 
exceeds 20mm for steel to IS 2062 upto Grade E 250 (Fe 410w) or 16 mm for IS 2062, 
Grade E 300 (Fe 440) and above , shall eitherbe subdrilled orsubpunched, less than 3 mm 
diameterthan required size and reamed to full diameter. The reaming of material more than 
one thickness shall be done after assembly. 
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513.5.5.2 Holes for close tolerance and turn fitted bolts - The diameter of the holes 
shall be equal to +0.15 mm to - 0.0 mm, of the boltshank. 

The members to be connected with close tolerance or turn fitted bolts shall be firmly held 
together by service bolts or clamped and drilled through all thickness in one operation and 
subsequently reamed to required size within specified limit of accuracy. 

The holes notdrilled through all thicknesses atone operation shall be drilled to smallersize 
and reamed after assembly. 

513.5.5.3 Holes for high strength friction grip boits - All holes shall be drilled after 
removal of burrs. Where the numberof plies in the grip does not exceed three, the diameters 
of holes shall be 1.5 mm largerthan those of bolts and for more than three plies in grip, the 
diameters of hole in outer plies shall be as above and diameter of holes in inner plies shall 
be notless than 1.5 mm and notmore than 3.0 mm largerthan those in bolts, unless otherwise 
specified by E ngineer. 

513.5.6 Boited construction 

513.5.6.1 All jointsurface forbolted connection including bolts, nuts, washers, shall be 
free of scale, dirts, burrs other foreign material and other defects that would prevent solid 
seating of parts. The slope of surface of bolted parts in contactwith bolthead & nuts shall not 
exceed 1:20, plane normal to bolts axis, otherwise suitable tapered washershall be used. 

All fasteners shall have a washerundernutorbolthead, whicheveris turned in tightening. 

Each fastenerof jointshall be tightened to specified value orequal to 70 percentof specified 
minimum tensile strength by hand wrenches (turn of nut method) orcalibrated wrenches or 
manual torque wrenches. Impactwrench orany othermethod specified by Engineer. 

When turn of nut method is used fortightening the bolts in jointfirstall bolts shall be brought 
to "snug tight" condition, that is tightening by full effort of man using ordinary wrench or by few 
impacts of any impact wrench. All bolts in the joint shall be then tightened additionally by 
applicable amount of nut rotation specified below forguidance: 


Bolt length (from underside of 
head to edge) 

Disposition of outer faces of 
bolted parts 

Bolt face normal 
to bolt axis 

One face Normal to bolt axis and 
other face sloped less than 1:20 

Upto and including 4 dia 

1/3 turn 

1/2 

Over4 dia but less than 8 dia 

1/2 turn 

2/3 

Over 8 dia but less than 12 dia 

2/3 turn 

5/6 
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513.5.6.2 High strength friction grip boits and boited connections 

The general requirementshall be as perrelevantlS specifications mentioned in Clause 502.4 
(Fasteners) of this code. Unless otherwise specified by Engineer, bolted connections of 
structural joints using high tensile friction grip bolts shall comply with requirements mentioned 
in IS 4000. 

513.5.7 Riveted construction 

513.5.7.1 Assembled riveted joint surfaces including those adjacent to the rivet head 
shall be free of scale, dirt, loose scale, burrs, otherforeign material and defects thatwould 
preventsolid seating of parts. 

513.5.7.2 The partymembers to be riveted shall be firmly drawn together with bolts, 
clamps ortack weld. Every third hole of the jointshall have assembly bolts till riveted. Drift 
shall be used only for matching of holes of the parts/members, but not to the extent as to 
distort the holes. Drift of larger size than the normal diameterof the holes shall notbe used. 

513.5.7.3 Rivets shall be heated uniformly to a "lightcherry red colour" between 650°C 
to 700°C forhydraulic riveting and "Orange colour" for pneumatic riveting of mild steel rivets. 
High tensile steel rivets shall be heated up to 1100°C. Any rivet, which is heated more than 
the prescribed limit, shall notbe driven. 

513.5.7.4 Rivetshall be driven in hole when hotso as to fill the hole as completely as 
possible and shall be of sufficient length to form a head of the standard dimension. When 
countersunk head is required the head shall fill the countersunk hole. Projection after 
countersinking shall be ground off wherever necessary. 

513.5.7.5 The riveting shall be done by hydraulic or pneumatic machine unless otherwise 
specified by E ngineer. 

513.5.7.6 Any defective rivet due to defect in head size or head driven off the centre 
shall be removed and replaced. 

513.5.7.7 The parts not completely riveted in the shop shall be secured by bolts to prevent 
damage during transportand handling. 

513.5.8 Weided construction 

513.5.8.1 Surfaces and edges to be welded shall be smooth, uniform and free from 
fins, tears, cracks and other discontinuities. Surface shall also be free from loose or thick 
scale, slag rust, moisture oil and otherforeign materials. 
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513.5.8.2 The general welding procedures including particulars of the preparation 
of fusion faces for metal arc welding shall be carried out in accordance with 
IS 9595. 

513.5.8.3 The welding procedures forshop and site welds including edge preparation 
of fusion faces shall be submitted in writing in accordance with Clause 22 of IS 9595 for 
the approval of the Engineer before commencing fabrication, and shall also be as per 
details shown on drawings. Any deviation for above has to be approved by E ngineer. 

513.5.8.4 Electrodes to be used for metal arc welding shall comply with relevant IS 
specifications mentioned in Clause 502.5 of this code. Procedure testshall be carried out 
as peris 3613 to find outsuitable wire-flux combination for welded joint. 

513.5.8.5 Assembly of parts forwelding shall be accordance with Clause 14 to 16 of IS 9595. 

513.5.8.6 The welded temporary attachment should be avoided as far as possible, 
otherwise the method of making any temporary attachmentshall be approved by Engineer. 
Any scars from temporary attachment shall be removed by cutting, chipping and surface 
shall be finished smooth by grinding to the satisfaction of Engineer. 

513.5.8.7 Forwelding of any particular type of joint, welders shall qualify to the satisfaction 
of Engineer in accordance with appropriate welders qualification test as prescribed in any 
ofthe Indian standards IS 817, IS 1393, IS 7307 (Part-1), IS 7310 (Part-1) and IS 7318 (Parti) 
as relevant. 

513.5.8.8 In assembling and joining parts of a structure or of built-up members, the 
procedure and sequence of welding shall be such as to avoid distortion and minimise 
shrinkage stress. 

513.5.8.9 All requirements regarding preheating of present material and interpass 
temperature shall be in accordance with provisions of IS 9595. 

513.5.8.10 Peening of weld shall be carried out wherever specified by Engineer. 

a) If specified, peening may be employed to be effective on each weld layer 
except first. 

b) The peening should be carried out after weld has cooled by light blows 
from a power hammer, using a round nose tool. Care shall be taken to 
preventscaling orflecking of weld and base metal from overpeening. 

513.5.8.11 Where the E ngineer has specified the buttwelds are to be ground flush, 
the loss of parent metal shall not be greater than that allowed for minor surface defects. 
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513.5.8.12 The joints and welds listed below are prohibited , since these do not perform 
well undercyclic loading. 

a) Butt joints notfully welded throughouttheircross section. 

b) Buttwelds made from one side only withoutany backing strip. 

c) Intermittent buttwelds 

d) Intermittentfilletwelds 

e) Bevel and j -preparations in butt joints forotherthan horizontal position. 

f) Plug and slotwelds 

513.5.8.13 The run-on and run-off plate, extension shall be used providing full throat 
thickness at the end of butt welded joints. These plates shall comply with following 
requirements. 


a) One pair of "run-on" and one pair of "run-off" plates prepared from same 
thickness and profile as the parent metal shall be attached to start and 
finish of all buttwelds preferably by clamps. 

b) When "run-on and "run-off plates shall be removed by flame cutting, it 
should be cutatmore than 3 mm from parentmetal and remaining metal 
shall be removed by grinding or by any other method approved by Engineer. 

513.5.8.14 Welding of stud shear connectors 

a) The stud shear connectors shall be welded in accordance with the 
manufacturer's instructions including preheating. 

b) The stud and the surface to which studs are welded shall be free from 
scale, moisture, rust and otherforeign material. The stud base shall not 
be painted, galvanised orcadmium-plated priorto welding. 

c) Welding shall notbe carried outwhen temperature is below 0°C orsurface 
is wet. 

d) The welds shall be visually free from cracks and lack of fusion and shall 
be capable ofdeveloping atleastthe nominal ultimate strength of studs. 

e) The procedural trial for welding the stud shall be carried outwhen specified 
by Engineer. 
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513.5.9 Annealing and stress relieving 

The members which are indicated in the contract or specified by E ngineer, to be annealed 
orstress relieved shall have finish machining, boring, etc., done subsequentto heattreatment. 
The stress relieftreatmentshall conform to the following unless specified by Engineer. 

a) The temperature of the furnace shall not be more than 300°C atthe time 
welded assembly is placed in. 

b) The rate of heating shall not be more than 220^0 per hour divided by max. 
metal thickness subjectto maximum 2202C per hour. 

c) After maximum temperature of 6009C is reached, the assembly shall 
be held within specified limitof time based on weld thickness. The 
temperature shall be maintained uniformly throughout the furnace 
during holding period such that temperature at no two points on the 
member will differ by more than SO^C. 

d) The cooling shall be done in closed furnace when temperature is 
above 300°C at the maximum rate of 2602C per hour divided by 
maximum metal thickness. The local stress relieving shall be carried 
out if specified and procedure approved by E ngineer. 

513.5.10 Pins and pin holes 

The pins shall be of required length, parallel throughout and of smooth surface free from 

flaws. The pin holes shall be bored smooth, straightand true to gauge and rightangles to the 
axis of the member. Boring shall be done only after member is finally riveted, bolted or welded 
unless otherwise approved by Engineer. To facilitate insertion and extraction, pins may be 
chamfered beyond the required length and provided with suitable holes in the chamfered 
portion. 

513.5.11 Rectification of surface defects and edge laminations 

The surface defects revealed during fabrication or cleaning shall be repaired as specified. 
The repair by welding on any surface defect or exposed edge lamination shall be carried out 
only with approval of Engineer. 

513.5.12 Shop assembly 

The steel work shall be temporarily assembled at place of fabrication. Assembly shall be full 
truss orgirder, unless progressive truss orgirderassembly, full chord assembly, progressive 
chord assembly or special, complete structure assembly is specified by Engineer. 
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The field connections of main members oftrusses, arches, continuous beam spans, bents, 
plate girders and rigid frame assembled, aligned, accuracy of holes, cambershall be checked 
by Engineerand then only reaming of subsize holes to specified size shall be taken up. 

The assembly will be dismantled afterfinal drilling of holes and approval of Engineer. 

The camber diagram showing camber at each panel point, and method of shop assembly 
and any other relevantdetail shall be submitted to Engineerforapproval. 

513.5.13 Fabrication toierances 

513.5.13.1 In general all parts in an assembly shall fittogetheraccurately within tolerances 
specified in Table 20, unless otherwise specified by the Engineerand agreed in contract. 

Table 20 Fabrication Toierances 
(Clause 513.5.13) 

Individual Components 

1) Length 

a) Member with both ends finished 
for contact bearing 

b) Individual components of members 
with end plate connection 

c) Other members- 

i) Upto & including 12 M 

ii) Over 12 M 

2) Width 

a) Width of built-up girders 

b) Deviation in the width of 
members required to be 
inserted in other members 

3) Depth 

Deviation in the depths of 
solid web and open web 

4) Straightness 

a) Deviation from straightness of 
columns 

1) In elevation 

2 ) in plan 


± 1mm 

0 mm 

- 2 mm 

± 2 mm 
±3.5 mm 

± 3 mm 

0 mm 

- 3 mm 

3 mm 
-2 mm 

L/300 subjectto a maximum 
of 15 mm 

+ 5 mm 
0 mm 
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5) 


6 ) 


7) 


8 ) 


9) 


10 ) 


Deviation of centre line of web 
from centre line of flanges in 
built-up members atcontact 
surfaces 

Deviation from flatness of plate 
webs of built-up members in a 
length equal to the depth of the 
member 

Tiltofflange of plate girders 

a) at splices & stiffeners, at 
supports, atthe top flanges of 
plate girders, at bearings. 

b) atotherplaces 

Deviation from squareness of 
flange to web of columns and 
box girders 

Deviation from squareness of 
fixed base plate (not machined) 
to axis of column. This dimension 
shall be measured parallel to the 
longitudinal axis of the column at 
points where the outersurfaces of 
the column sections make contact 
with the base plate. 

Deviation from squareness of 
machined ends to axis of columns 


3 mm 


0.005 d to a max. 2 mm 


0.005 b to a max. of 2 mm 


0.015 b to a max. of 4 mm 

L/1000, where L is the 
nominal length ofthe 
diagonal 

D/500, where D is the 
distance from the column 
axis to the point under 
consideration on the base 
plate. 


D/1000, where D is as 
defined in 9 above. 


11 ) 


12 ) 


Deviation from squareness of 
machined ends to axis of beam 
or girders 

Ends of members abutting at 
joints through cleats orend 
plates, permissible deviation 
from squareness of ends. 


D/1000, where D is as 
defined in 9 above. 

1/600 of depth of member 
subject to a max. of 1.5 mm. 


513.5.13.2 A machined bearing surface, where specified by the Engineer, shall 
be machined within a deviation of 0.25 mm forsurfaces thatcan be inscribed within a square 
of side 0.5 m. 
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513.5.14 Alignmentatsplice and buttjoints 

513.5.14.1 Bolted splice shall be provided with steel packing plates where necessary to 
ensure thatthe sum of any unintended steps between adjacentsurfaces does not exceed 1 
mm for HSFG bolted joints and 2 mm for other joints. 

513.5.14.2 In welded buttjoints, misalignmentof parts to be joined shall notexceed the 
lesserof 0.15 times the thickness of thinner parts or3 mm. However, ifdue eitherto different 
thicknesses arising from rolling tolerances ora combination of rolling tolerances with above 
permitted misalignment, this deviation is more than 3 mm, itshall be smoothened by a slope 
notsteeperthan 1:4. 

513.6 Inspection and Testing 

513.6.1 General 

No protective treatmentshall be applied to the work until the appropriate inspection & testing 
has been carried out. The stage inspection shall be carried out for all operations so as to 
ensure the correctness of fabrication and good quality. 

513.6.2 Testing of material 

513.6.2.1 Structural steel shall be tested for mechanical and chemical properties as 
pervarious Indian Standards as may be applicable and shall conform to requirements specified 
in IS 2062, IS 11587. 

513.6.2.2 Rivets, bolts, nuts, washers, welding consumables, steel forging, casting and 
stainless steel shall be tested for mechanical and chemical properties as applicable and 
shall conform to requirements, as specified in the appropriate Indian Standard. 

513.6.3 Rolling and cutting tolerance shall be as per IS 1852. The thickness tolerance 
check measurements forthe plates and rolled sections shall be taken at not less than 15 mm 
from edge. 

513.6.4 Laminations in plates shall be carried outfor areas specified in Clause 513.2 
by ultrasonic testing orany other specified methods. Flame cut edges withoutvisual signs of 
laminations need not be tested forcompliance with Clause 513.2 unless specified otherwise 
by Engineer. 

513.6.5 Steelwork shall be inspected for surface defects and exposed edge 
laminations during fabrication and blast cleaning. Significant edge laminations found shall 
be reported to E ngineer for his decision. 

Chipping, grinding, machining or ultrasonic testing shall be used to determine depth of 
imperfection. 
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For dynamically loaded structures recommended criteria for allowable discontinuities for 
edge defects and the repair procedure shall be as given in Table 21 until and unless specified 
otherwise. The weld procedure shall be as appropriate to the material. 


Table 21 Discontinuity of Edge 


S. No. 

Discontinuity 

Repairs required 

1 ) 

Discontinuities of maximum 3 mm in depth, any 
length for material thickness upto 200 mm. 

None 

2 ) 

Discontinuities of 3 mm to 6 mm in depth and 
over25 mm in length forthickness upto 100 mm 
and 6 mm to 12 mm depth, over 50 mm in length 
forthickness 100 mm to 200 mm. 

Remove. Need notbe 
welded 

3) 

Discontinuities of 6 mm to 25 mm in depth, 
over25 mm in length forthickness upto 

100 mm and 12 mm to 25 mm in depth, over 

25 mm in length forthickness over 

100 to 200 mm. 

Remove and weld. No 
single repairshall exceed 

20 percent of edge being 
repaired. 

4) 

Discontinuities over 25 mm in depth, any 
length forthickness 100 to 200 mm. 

With approval of Engineer 
remove to depth of 25 mm 
and repair by weld block 

5) 

On edges cut in fabrication, discontinuities 
of 12 mm maximum depth any length 

None 


513.6.6 Measurement of curvature and camber 

Horizontal curvature and vertical camber shall not be measured for final acceptance before 
all welding and heating operations are completed and flanges have cooled to uniform 
temperature. Horizontal curvature shall be checked with girder in the vertical position by 
measuring offsets from a string line or wire attached to both flanges or by any othersuitable 
means. Cambershall be checked by adequate means. 

513.6.7 Tolerance for drilled and reamed holes 

Acceptable deviation in holes drilled and reamed for mild steel and high strength rivets, 
bolts of normal accuracy and also for high strength friction grip bolts should be as per 
appropriate Indian Standard. 
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513.6.8 Bolted connections 

513.6.8.1 Bolted connection joints with black bolts and high strength bolts shall be 
inspected for compliance of requirements mentioned in Clauses 513.5.5 and 513.5.6. 

The Engineershall observe the installation and tightening of bolts so as correct tightening 
procedure is used and shall determine thatall bolts are tightened. Regardless of tightening 
method used, tightening of bolts in a joint should commence at the most rigidly fixed or 
stiffest point and progress towards the free edges, both in initial snug tightening and in final 
tightening. 

The tightness of bolts in connection shall be checked by inspection wrench, which can be 
torque wrench, powerwrench orcalibrated wrench. 

Tightness of 10 percent bolts, but not less than two bolts, selected at random in each connection 
shall be checked by applying inspection torque. If no nut or bolt head is turned by this 
application connection can be accepted as properly tightened, but if any nut or head has 
turned all bolts shall be checked and if necessary retightened. 

513.6.8.2 Bolts, and bolted connection joints with high strength friction grip bolts shall 
be inspected and tested according to IS 4000. 

513.6.9 Riveted connections 

Rivets and riveted connection shall be inspected and tested forcompliance or requirements 
mentioned in Clause 513.5.7. 

The firmness of the jointshall be checked by 0.2 mm fillergauge, which shall notgo inside 
underthe rivet head by more than 3 mm. There shall not be any gap between members to be 
riveted. 

Driven rivets shall be checked with rivettesting hammer. When struck sharply on head with 
rivettesting hammer, rivetshall be free from movement and vibration. 

All loose rivets and rivets with cracked, badly formed ordeficientheads orwith heads which 
are unduly eccentric with shanks, shall be cutoutand replaced. 

513.6.10 Alignment of joints 

The alignment of plates atall bolted splice jointand welded butt joints shall be checked for 
compliance with requirements ofClause 513.5.14. 

513.6.11 Testing of flame cut and sheared edges is to be done where the hardness 
criteria ofClause 513.5.4.2 (a)to (d) are adopted. Hardness testing shall be carried outon 
six specimens. 
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513.6.12 Welding and welding connection 

513.6.12.1 Welders qualification testshall be carried outas per requirements laid down 
in IS 7318 (Part 1), for respective approved welding procedure, they shall satisfy relevant 
requirements of IS 7310 (Parti). 

Welding procedure, welded connection and testing shall be in compliance of requirements 
mentioned in Clause 513.5.8, 

513.6.12.2 All facilities necessary for stage inspection during welding and on completion 
shall be provided to Engineerortheir inspecting authority by manufacturer. 

513.6.12.3 Adequate means of identification either by an identification mark or other 
record shall be provided to enable each weld to be traced to the welder (s) by whom it was 
carried out. 

513.6.12.4 All metal arc welding shall be in compliance with the provision of IS 9595. 

513.6.12.5 The method of inspection shall be according to IS 822 and extent of inspection 
and testing shall be in accordance with the relevant standards or in the absence of such a 
standard, as agreed with the Engineer. 

513.6.12.6 Procedure tests 

The Destructive and Non-Destructive test of weld shall be carried outaccording to IS 7307 
(Part-1). 

513.6.12.7 Non-destructive testing of welds 

One or more of following methods may be applied for inspection ortesting of weld. 
513.6.12.7.1 Visual inspection 

All welds shall be visually inspected, which should coverall defects of weld such as size, porosity, 
crack in the weld orin the HAZ (Heataffected zone) etc. Suitable magnifying glass may be used 
forvisual inspection. A weld shall be acceptable by visual inspection if itshows that: 

a) The weld has no crack 

b) Through fusion exist between weld and base metal and between adjacent 
layers of weld metal. 

c) Weld profiles are in accordance with requisite clauses of IS 9595 or as 
agreed with Engineer. 
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d) The weld shall be of full cross section, exceptforthe ends of intermittent 
filletwelds outside of their effective length. 

e) When weld in transverse to the primary stress, undercutshall not be more 
than 0.25 mm deep in the part that is under cut and shall not be more than 
0.8 mm deep when the weld is parallel to the primary stress in the part 
that is undercut. 

f) The fillet weld in any single continuous weld shall be permitted to underrun 
the nominal fillet weld size specified by 1.6 mm without correction provided 
that undersize portion of the weld does notexceed 10 percent of the length 
of the weld. On the web-to-flange welds on girders, no underrun is 
permitted atthe ends fora length equal to twice the width of the flange. 

g) The piping porosity in filletwelds shall notexceed one in each 100 mm of 
weld length and the maximum diametershall notexceed 2.4 mm, except 
forfillet welds connecting stiffeners to web where the sum of diameters of 
piping porosity shall notexceed 9.5 mm in any 25 mm length ofweld and 
shall notexceed 19 mm in any 300 mm length ofweld. 

h) The full penetration groove weld in butt joints transverse to the direction of 
computed tensile stress shall have no piping porosity. Forall othergroove 
welds, the piping porosity shall notexceed one in 100 mm of length and 
the maximum diametershall notexceed 2.4 mm. 

513.6.12.7.2 Magnetic particle and radiographic inspection 

Welds that are subject to radiographic or magnetic particle testing in addition to visual 
Inspection shall have no crack. 

Magnetic particle testshall be carried outfor detection of crack and otherdiscontinuity in the 
weld according to IS 5334. 

Radiographic test shall be carried out for detection of internal flaws in the weld such as 
crack, piping porosity, inclusion, lack of fusion, incomplete penetration etc. This test may 
be carried out as per IS 1182 and IS 4853. 

513.6.12.7.3 Uitrasonic inspection 

The Ultrasonic testing in addition to visual inspection shall be carried out for detection of 
internal flaws in the weld such as cracks, piping porosity inclusion, lack of fusion, incomplete 
penetration etc. Acceptance criteria shall be as per IS 4260 or any other relevant 
IS Specification and as agreed by Engineer. 
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513.6.12.7.4 Liquid penetrant inspection 

The liquid penetrant test shall be carried out for detection of surface defect in the weld, as 
per IS 3658, in addition to visual inspection. 

513.6.12.7.5 The non-destructive testing of following welds be carried out using one or 
more of the methods described in Clause 513.6.12.7.2 to 4 as may be agreed by Engineer. 

a) All transverse buttweld in tension flange. 

b) 10 percentof length of longitudinal buttwelds in tension flange 

c) 5 percent of the length of longitudinal and transverse butt welds in 
compression flanges 

d) All transverse buttwelds in webs adjacentto tension flanges as specified 
by the Engineer. 

The particular length of welds to be tested shall be agreed with the 
Engineer, in case of (b) and (c). 

Where specified by the Engineer, bearing stiffeners or bearing 
diaphragms adjacentto welds, flange plates adjacentto web/flange welds, 
plates at cruciform welds, plates in box girder construction adjacentto 
corner welds or other details shall be ultrasonically tested after fabrication. 

Any lamination, lamellar tearing or other defect found shall be recorded 
and reported to Engineer for his decision. 

513.6.12.8 Testing ofweiding for cast steei 

The testing of weld forcaststeel shall be carried outas may be agreed by the Engineer. 

513.6.12.9 Stud shear connectors 

Stud shearconnectors shall be subject to the following tests 

a) The fixing of studs after being welded in position shall be tested by striking 
the side of the head of the stud with 2 kg hammer, to the satisfaction of the 
Engineer. 

b) The selected stud head stroked with 6 kg hammer shall be capable of 
lateral displacement of approximately 0.25 height of the stud from its 
original position. The stud weld shall not show any signs of cracks or lack 
offusion. 

The studs whose welds have failed the tests given in (a) and (b) shall be 
replaced. 
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513.6.12.10 Inspection of members and components 

513.6.12.10.1 Inspection requirement 

The fabricated member/component made outof rolled and built-up section shall be checked 
for compliance of the tolerances given in Table 20 Inspection of member/components for 
compliance with tolerances, the check fordeviations shall be made overthe full length. 

During checking the inspection requirementshall be placed in such a mannerthatlocal surface 
irregularities do not influence the results. 

For plate, out-of-plane deviation shall be checked at rightangle to the surface overthe full 
area of plate. 

The relative cross girder or cross frame deviation shall be checked overthe middle third of 
length of cross girder or frame between each pair of webs and for cantilever at the end of 
member. 

The web of rolled beam or channel section shall be checked for out-of-plane deviation in 
longitudinal direction equal to the depth of the section. 

During inspection, the component/ membershall nothave any load orexternal restraint. 

513.6.12.10.2 Inspection stages 

The inspection to be carried outforcompliance oftolerances shall include butnotbe limited 
to the following stages : 

a) For completed parts, component/ members on completion of fabrication 
and before any subsequentoperation such as surface preparation, painting 
transportation, erection. 

b) Forwebs of plate and boxgirder, longitudinal compression flange stiffeners 
in box girders, and orthotropic decks and all web stiffeners at site joints, 
on completion of site joint. 

c) For cross girders and frames, cantilevers in orthotropic decks and other 
parts in which deviations have apparently increased on completion of site 
assembly. 

513.6.12.10.3 Where, on checking member/component for the deviations in respect of 
out-of-plane or out-of-straightness atrightangles to the plate surface, and any other instances, 
exceed tolerance, the maximum deviation shall be measured and recorded. The recorded 
measurements shall be submitted to the E ngineer, who will determine whetherthe component/ 
member may be accepted without rectification, with rectification, or rejected. 
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514 TRANSPORTATION, HANDLING AND ERECTION 

514.1 General 

514.1.1 This clause lays down guidelines of general nature for handling, transportation 
and erection of bridges and theircomponents. 

514.1.2 It deals with the actions to be taken for various operations in handling, 

transportation in shop floor and in transit, as also in the erection site. 

514.2 Transportation and Handling 

514.2.1 Engineer should plan the transportation and mention the mode of 
transportation, packing, placement, fastening of components or materials to ensure carriage 
free from damages or undue distortion. When deciding the mode, the route should be 
surveyed and local restriction in terms DO's/DON'T's statement for proper handling/ 
transportation to be issued. 

514.2.2 All transportable consignments should carry dispatch advice/challan as per 

directions to party concerned. Depending on "Target Factor" requirementof materials to be 
adjusted. 

514.2.3 Loose assembled or sub-assembled items should have clear match mark 
numberofthe erection drawing. Critical items should be given special care. 

514.2.4 Protruded members to be specially protected during transit. Threaded and 
machined portion of fabricated structures should be carefully handled againstdamage. 

514.2.5 Small items e.g. nuts, bolts, washers, packing plates rivets electrodes shall 
be despatched in containers and details fully listed to ensure proper receipt and storage. 
Underloaded consignments should be normally avoided. 

514.2.6 In case of heavy and unusual structures availability of the transportation 
medium should be checked in advance and arrangements tied up. Stability of the members 
shall be checked during loading or transportation. Necessary safety measures shall be 
ensured. 

514.2.7 For access to the erection site it may be necessary to erect temporary road 
bridges which can allow safe movement of the fabricated materials & equipment. 

514.3 Storage 

514.3.1 Suitable area for storage of structures and components shall be located near 
the site of work. The access road should be free from water logging during the working 
period and the storage area should be on a level and firm ground. 
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514.3.2 The store should be provided with adequate handling equipmente.g. road mobile 
crane, gantries, derricks, chain-pulley blocks, winch of capacity as required. Stacking area should 
be planned and have racks, sleeperstands, access tracks and be properly lighted. 

514.3.3 Storage should be planned to suiterection work sequence and avoid damage 
or distortion. 

514.3.4 Fabricated materials are to be stored on non-corroding surfaces with erection 
marks visible such as not to come in contact with earth surface or water and should be 
accessible to handling equipment. 

514.3.5 Small fittings, hand tools, etc., are to be kept in containers in covered stores. 

514.3.6 IS 7293, and IS 7969 dealing with handling of materials and equipmentfor 
safe working should be followed. Safety nuts & bolts as directed are to be used while working. 

514.4 Erection Scheme 

514.4.1 Design of a bridge should take into consideration the method of erection. A 
detailed scheme must be prepared showing stagewise activities, with complete drawings 
and phasewise working instructions. This should be based on detailed stagewise calculation 
and take into account specifications and capacity of erection equipment machinery, tools, 
tackles to be used and temporary working loads as per codal provisions. 

514.4.2 The scheme should be based on site conditions e.g. hydrology rainfall, flood 
timings and intensity, soil and subsoil conditions in the riverbed and banks, maximum water 
depth, temperature and climatic conditions, available working space, etc. 

514.4.3 The scheme should indicate detail of materials required with specifications, 
quantities, type of storage required, etc. 

514.4.4 The scheme should indicate precisely the type of temporary fasteners to be 
used as also the minimum percentage of permanentfasteners to be fitted during the stage 
erection. The working drawing should give clearly details of the temporary jigs, fixtures, clamps, 
spacers supports, etc. Adequate provision of spares of vulnerable items to be made. 

514.4.5 Erection scheme of the bridge shall be checked to ensure the adequacy of the 
affected components ofthe bridge structure and safety of the bridge atall stages of erection. 

514.5 Procedure of Erection 

514.5.1 Prior to actual commencement of erection all equipment, machinery, tools, 
tackles, ropes, etc., need to be tested to ensure their efficient working. Frequent visual 
inspection is essential in vulnerable areas to detectdisplacements, distress, damages, etc. 
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514.5.2 Deflection and vibratory tests shall be conducted in respect of supporting 
structures, launching truss as also the structure under erection and unusual observations 
reviewed looseness of fittings are to be noted. 

514.5.3 For welded structures, welders' qualification and skill are to be checked as 
per standard norms. Non-destructive tests of joints as per designer's directives are to be 
carried out. 

514.5.4 Precision non-destructive testing instruments available in the marketshould 
be used for noting various important parameters of the structures frequently and systematic 
record is to be kept. 

514.5.5 Safety requirements should conform to IS 7205 as applicable and should be 
a consideration of safety economy & rapidity. 

514.5.6 Erection work should start with complete resources mobilized as per latest 
approved drawings and after a thorough survey of foundations and other related structural 
work. In case of work of magnitude, maximum mechanization is to be adopted. 

514.5.7 The structure should be divided into modules, as perthe scheme. This should 
be pre-assembled in a suitable yard/platform and its matching with members of the adjacent 
module checked by trial assembly before erection. Such assembled Girders may be tested 
with simulated loads in case of erection on difficult terrain. 

514.5.8 The structure shall be setoutto the required lines and levels. The steelwork 
should be erected, adjusted and completed in the required position to the specified line and 
levels with sufficient drifts and bolts. Packing materials are to be available to maintain this 
condition. Organized "Quality Surveillance" checks need to be exercised frequently. 

514.5.9 The method of erection, as also the drawing of temporary work and the use of 
erection equipment, shall be subject to the approval by the Engineer. 

514.5.10 J oints 

Any connection to be riveted or bolted shall be secured in close contact by service bolts or 
specified No. of permanent bolts before final connection. Service bolts are to be fully tightened 
and keptas such by torque wrenches when the jointis assembled, j oints shall be made by 
filling not less than 50 percent of the holes with service bolts and drifts in the ratio of 4:1. 
Connections are to be completed by close tolerance bolts or as specified. 

514.5.11 Any connection to be site welded shall be securely held in position by approved 
means to ensure accurate alignment, camber and position before welding is commenced. 
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ANNEX-A 

(Clause 501.2) 

LIMITATIONS 

Al. The following special steel bridge structures have not been covered in the present 
code: 

a) Curved bridges 

Forcurved bridges, rigorous analysis should be made and detailing mustfollow 
the needs of the curvature effects. Having taken into consideration the above 
aspects, provisions of this code can be applied to curved bridges as 
appropriate. 

b) Cable stayed bridges and 

c) Suspension bridges 

These are special types of bridges calling for specialised treatment both for 
analysis and design. Also, erection conditions need to be thoroughly analysed. 

d) Temporary bridges and 

e) Pedestrian bridges 

Because of their nature of use, certain provisions of the code (such as 
permissible deflection, live load etc.) can be relaxed subjectto the approval of 
the Engineer 

f) Swing bridges and 

g) Bascule bridges 

These types of bridges involve mechanical equipmentforwhich relevantCodes 
need to be referred. Forstructural portion of analysis and design, provisions of 
the code as appropriate can be applied. 

h) Box girder bridges 

i) Prestressed steel bridges 

j) Arch bridges 

For these bridges special analysis and detailing are warranted. For structural details 
provisions of the code as appropriate can be used. 

A2. Also aspects concerning Ratings of steel road bridges have not been covered in 
this Code. For this aspect, IRC:SP :37 "Guidelines for Evaluation for Load Carrying Capacity 
of Bridges" may be followed. 
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ANNEX-B 
[Clause 504.6.2 (b)] 


RULES FOR CAMBERING OPEN WEB GIRDER SPANS 
B1. Preparation of Camber Diagram 

Bl.l Contractdrawings are dimensioned forthe main girderwithoutcamberand in order 
to ensure that its fabrication and erection shall be such as to eliminate deformation stresses 
in the loaded span, a camberdiagram shall be prepared on which shall be clearly indicated 
the amounts by which the nominal lengths (i.e. the lengths which will not give camber) of 
members shall be increased or decreased in order that the outline of the girder under full 
load (dead load & 75 percentlive load without impact), shall be the nominal outline. Afurther 
change as indicated in clause B1.4 may be made when the outline of the girder shall be 
normal outline, enlarged (1 + K) times in the case of a through span and reduced (1 - K) 
times in the case of a deck span (See clause B1.4 below for definition of K). 

B1.2 The stress camberchange in each membershall be equal to the change of length of 
memberdue to the above loading, but of opposite sign. 

B1.3 For the purpose of calculating the change in length of members under stress, the 
modulus ofelasticity for both high tensile and mild steel shall be taken as specified in Clause 
502.2.4.1. The effective length shall be taken between the theoretical intersection points of 
adjacent members. 


B1.4 To ensure that the length of the floor system of a span shall be constructed to its 
nominal dimensions, i.e., to avoid changes in lengths offloorand loaded chord lateral system 
a furtherchange in length shall be made in the lengths of all members equal to : 


Loaded chord extension or contraction 
Loaded chord length 


X length of member =Kx L 


In through spans this change will be an increase in the lengths of all members while in the 
case of deck spans itwill be a decrease in the lengths of all members. 


B1.5 The nominal girder lengths altered in accordance with clauses Bl.l and B1.4 give a 
girder correctly stress cambered butwith the loaded chord length identical with thatshown 
on the contract drawings, thus requiring no modifications to floor and loaded chord lateral 
systems. 


B1.6 The nominal lengths and camber lengths shall be rounded off to the nearest half a 
millimeter. 
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B1.7 The difference between nominal lengths and camber lengths thus modified is the 
practical camberchanges. 

B1.8 The ordinates corresponding to the required camberatnodes may be obtained either 
by drawing a Williot Mohr Diagram or any other acceptable method. 

B1.9 Adjustments of the lengths shall be made to top lateral bracing members to suit 
camber lengths of the top chords in the case of through girder spans and to the bottom 
lateral bracing members in the case of deck spans. The average value of the cambered 
length of top or bottom lateral member, as the case may be, shall be adopted throughout. 

B2. Fabrication 

B2.1 The actual manufactured lengths of the members are to be the lengths "with camber" 
given on the camberdiagram. 

B2.2 The positions and angularsetting outlines of all connection holes in the main gussets 
and also the positions of the connection holes in the chord joints and the machining of the 
ends shall be exactly as shown on the contract drawings. This will permit the butts in the 
chord segments to be exactly as shown on the contractdrawings. 

B2.3 The groups of connection holes atthe ends of all the members are to be as shown on 
the contractdrawings, i.e., without any allowance for camber butthe distance between the 
groups atthe ends ofeach membershall be altered by the amountofthe camberallowance 
in the member. 

B3. Erection 

B3.1 The joints ofthe chords shall be drifted, bolted and preferably riveted to their geometric 
outline. 

B3.2 All other members are to be elastically strained into position by external forces, so 
thatas many holes as possible are fairwhen filled with rivets. 

B3.3 Drifting ofjoints shall be avoided as faras possible, and when necessary, should be 
done with greatcare and underdose expertsupervision. Hammers notexceeding one kg. in 
weightshould be used with turned barrel drifts and a numberof holes drifted simultaneously, 
the effectof the drifting being checked by observation of adjacentunfilled holes. 

B3.4 The first procedure during erection consists of placing camber jacks in position on 
which to support the structure. The camberjacks should be setwith theirtops level and with 
sufficient run out to allow for lowering of panel points except the centre by the necessary 
amounts to produce the required camber in the main girders. It is essential thatthe camber 
is accurately maintained throughout the process of erection and it should be constantly 
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checked. The jacks shall be spaced so thatthey will support the ends of the main girders and 
the panel points. The bottom chord members shall then be placed on the camber jacks, 
carefully leveled and checked forstraightness and the joints made and riveted up. 

B3.5 The vertical and diagonal web members, exceptthe posts, shall then be erected in 
their proper positions on the bottom chords. It is recommended thattemporary top gussets, 
the positions of the holes in which are corrected for the camber change of length in the 
members, should be used to connect the top ends of the members; this will ensure thatthe 
angles between the members atthe bottom joints are as given by the nominal outline of the 
girders. The vertical and diagonal shall then be riveted to the lowerchords. 

B3.6 All panel points, exceptthe centre, shall now be lowered by amounts to produce the 
correctcamber in the main girders as shown on the camberdiagram. 

B3.7 The top chord should be erected piece by piece working symmetrically from the 
centre outwards, and the jointmade by straining the members meeting atthe jointand bringing 
the holes into correct registration. 

B3.8 The temporary gussets, if used, shall be replaced by the permanentgussets in the 
same sequence as the erection of the top boom members. 

B3.9 The end posts shall be erected last. The upperend connection should preferably be 
made first and if there is no splice in the end raker, the final closure made atthe bottom end 
connection. If there is a splice, the final closure should be made atthe splice. 

B3.10 When cantilever method of erection is used, the above procedure does notapply. 
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ANNEX-C 

(Clause 509.2.2.1) 

ELASTIC LATERAL TORSIONAL BUCKLING MOMENT 
Cl. Elastic Critical Moment 

Cl.l General 

The elastic critical moment is affected by 

a) Momentgradientin the unsupported length 

b) Boundary conditions atthe lateral support points 

c) Non-symmetric and non-prismatic nature ofthe member 

d) Location of transverse load with respectto shearcentre 
The boundary conditions atthe lateral supports have two components: 

a) Torsional restaint- where the cross section is prevented from rotation about 
the shear centre 

b) Warping restraint - where the flanges are prevented from rotating in their own 
plane aboutan axis perpendicularto the flange. 

The elastic critical momentcorresponding to lateral torsional buckling of a doubly symmetric 
prismatic beam subjected to uniform moment in the unsupported length and torsionally 
restraining lateral supports is given by 


where 


1 , 1,1 


LT 


M 


2 

n Er 


(Llt^ 


-.0.5 




tP'EI 


Moment of inertia about the minor axis, warping constant and St. 
Venants torsion constantof the cross section, respectively. 

modulus of rigidity 

effective length against lateral torsional buckling (Clause 509.3) 


This equation in simplified form for I section has been presented in Clause 509.2.2.1. 

While the simplified equation is generally on the safe side, there are many situations where 
this may be very conservative. More accurate calculation ofthe elastic critical moment for 
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general case of unsymmetrical sections, loading away from shear centre and beams with 
momentgradientcan be obtained from specialist literature, by using an appropriate computer 
programme orequations given below. 

C1.2 Elastic critical momentof a section symmetrical about minor axis 

In case of a beam, which is symmetrical only a bout the minor axis, and bending about major 
axis, the elastic critical momentfor lateral torsional buckling is given by the general equation. 


where 


M =c, 

cr 1 


7 ^ 

(hr) 










Cj,c 2 ,c^ = factors depending upon the loading and end restraint 
conditions (Table C.l). 

K, = effective length factors of the unsupported length accounting for 

boundary conditions at the end lateral supports. The effective length 
factors K varies from 0.5 for complete restraint against rotation about 
weak axis to 1.0 forfree rotation about weak axis, with 0.7 forthe case 
of one end fixed and other end free. It is analogous to the effective 
length factors for compression members with end rotational restraint. 

= Warping restraint factor. Unless special provisions to restrain warping 
of the section atthe end lateral supports are made should be taken 
as 1.0. 

= y distance between the point of application of the load and the shear 
centre of the cross section and is positive when the load is acting 
towards the shearcentre from the pointof application. 

y^ = y,-0.5 iy-y")ydA/I^ 

= Coordinate of the shearcentre with respectto centroid, positive when 
the shearcentre is on the compression side of the centroid 

y,z = Coordinates of the elemental area with respectto centroid of the section 
They.can be calculated by using the following approximation. 

a) Plain flanges 


y. = 0.8(2j3^-l)h^/2.0 
y.= 1.0 {2fi^-l)h^/2.0 
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(when yff^>0.5) 
(when /5^ < 0.5) 
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Table C.l Constants q , and 
(Clause C.1.2) 
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Table C.l (Continued ....) 



b) Lipped flanges 

y. = 0.8 (2 p ^ - \){\ + hJ h)h^l2 (when 0.5) 
y. = (2 - \){\ +hj h)h^l 1 (when p^ < 0.5) 

where 

= heightofthe lip 

h = overall heightofthe section 

= distance between shear centre of the two flanges of the cross section 
/ = The torsion constantgiven by 

/ =Tbpt)^/3 for open section 

= / Y, {bit) for hollow section 
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where 

= area enclosed by the section 

b, t = breadth and thickness of the elements of the section respectively. 

The warping constant, 1^, is given by 

= {\-P ^ (5 for I sections mono-symmetric about weak axis 

= 0 for angle, Tee, narrow rectangle section and approximately for 
hollow sections. 

B, =L / (I, + L) where are the moments of inertia of the 

compression and tension flanges, respectively, about the minor axis 
of the entire section 
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ANNEX-D 

DURABILITY 


Dl. General 

A durable steel structure is one that performs satisfactorily the desired function in the working 
environment under the anticipated exposure condition during its service life, without 
deterioration of the cross sectional area and loss of the strength due to corrosion. The material 
used, the detailing, fabrication, erection and surface protection measures should all address 
the corrosion reduction and durability requirements. 

D2. Requirements for Durability 

D2.1 Shape, size, orientation of members, connections and details 

The design, fabrication and erection details of exposed structures should be such thatgood 
drainage of water is ensured. Standing pool of water, moisture accumulation and rundown of 
water for extended duration are to be avoided. 

The details of connections should ensure that 

a) All exposed surfaces are easily accessible for inspection and maintenance. 

b) All surfaces notso easily accessible are completely sealed againstingress of 
moisture. 

D2.2 Exposure condition 

D2.2.1 General environment- The general environment, to which steel structure is exposed 
during its working life, is classified into five levels of severity, as given in Table D.l. 

D2.2.2 Abrasion - Specialist literature may be referred fordurability of surfaces exposed to 
abrasive action. 

D2.2.3 Exposure to sulphate attack 

Appropriate coatings may be used when surfaces of structural steel are exposed to 
concentration of sulphates (SO3) in soil, ground wateretc. 

When exposed to very high sulphate concentrations, of more than 2 percent in soil and 
5 percent in water, some form of lining such as polyethylene, polychloroprene sheet, orsurface 
coating based on asphalt, chlorinated rubber, epoxy or polymethane material should be used 
to completely avoid access of the solution to the steel surface. 
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Table D.l Environmental Exposure Conditions 
(Clause D 2.2.1) 


Environmental Classifications 

Exposure conditions 

Mild 

Surfaces normally protected against exposure 
to weather or aggressive condition, except 
when located in coastal areas 

Moderate 

Structural steel surfaces: 

I) exposed to condensation and rain 

ii) continuously under water 

iii) exposed to non-aggressive soil/ 
groundwater 

iv) sheltered from saturated salt air in 
coastal areas 

Severe 

Structural steel surfaces: 

I) exposed to severe frequent rain 

ii) exposed to alternate wetting and drying 

iii) exposed to severe condensation 

iv) completely immersed in sea water 

v) exposed to saturated salt air in coastal 
area 

Very severe 

Structural steel surface exposed to 

i) sea water spray 

ii) corrosive fumes 

iii) aggressive sub soil or ground water 

Extreme 

Structural steel surfaces exposed to 

i) tidal zones and splash zones in the sea 

ii) aggressive liquid or solid chemicals 


D2.3 Corrosion protection methods - The methods of corrosion protection are governed 
by actual environmental conditions as per IS 9077 and IS 9172. The main corrosion protection 
methods are given below: 

a) Controlling the electrode potential (Cathodic protection) 

b) Inhibitors 

c) Inorganic/metal coatings ororganic/paintsystems 
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D2.4. Surface Protection 

D2.4.1 In the case of mild exposure, a coat of primer after removal of any loose mill scale 
may be adequate. As the exposure condition becomes more critical more elaborate surface 
preparations and coatings become necessary. In case of extreme environmental 
classification, protection shall be as per specialist literature. Table D-2 gives guidance to 
protection of steelwork for different desired lives. 

D2.4.2 Steel surfaces shall be provided with atleastone coatof primer immediately after its 
surface preparations, such as sand blasting to remove all mill scale and rustto expose steel. 

D2.4.3 Steel without protective coating shall not be stored for long duration in out door 
environment. 

D2.4.4 Surfaces to transfer forces by friction as in HSFG connections shall notbe painted. 
However itshall be ensured that moisture is nottrapped on such surfaces after pretensioning 
of bolts by proper protective measures. 

D2.4.5 Memberto be assembled by welding shall not be prepainted atthe adjacentto the 
location of such welds. However, after welding appropriate protective coatings shall be 
applied in the region as required by the exposure conditions. Ifthe contactsurfaces cannot 
be properly protected against ingress of moisture by surface coating, they may be completely 
sealed by appropriate welds. 

D2.4.6 Prepainted members shall be protected against abrasion of the coating during 
transportation, handling and erection. 

D2.5 Special steels - Steels with special alloying elements and production process to 
obtain better corrosion resistance may be used as per Specialist literature. 
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ANNEX-E 

POST - CONSTRUCTION INSPECTION 
AND PREVENTIVE MAINTENANCE GUIDELINES 


El. General 

Bridge structures, permanently exposed to atmosphere are subjected to effect of adverse 
environmental conditions. Investment made in the structural facility can be protected by well 
programmed, monitored-inspection and maintenance schedule adopted for its designed 
life. Such systems ensure structural safety by recording the state of the structure periodically 
and providing feed back information to designers while identifying actual and potential sources 
of trouble and taking remedial measures in time. 

This section lays down the desired inspection procedure for determining physical condition 
and programming maintenance needs of the bridges. Systematic periodical inspection 
required for various elements and the responsibilities of the inspection group have been 
specified. The scope of maintenance work involved does not include correcting measures 
for known deviations introduced during construction stage and no attempt has been made in 
this direction. Itis necessary to understand that, for proper inspection ofvarious components 
of the bridge structure in-built facilities should be developed atthe detailing and construction 
stage, for accessibility to important areas. 

E2. Inspection 

Bridge inspection is done by use of well tried and established techniques required for 
assessing the physical condition of the structure. IRC Special Publication 35 : "Guidelines 
for inspection and maintenance of bridges" may be referred in this connection. 

E2.1 Personnel 

E2.1.1 The in-charge for bridge inspection and reporting shall posses the following 
qualifications : 

a) Be a qualified engineer or equivalent with adequate experience in Bridge 
Inspection or 

b) Have a minimum of 10 years experience in bridge inspection assignments in a 
responsible capacity. 

E2.1.2 He/she shall be responsible for a methodical and thorough field inspection, the 
detailed analysis of all observations recorded, arrive atfindings to recommend rectification 
of defects, imposition of speed restriction or load limitations and any other measures as 
necessary. 
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E2.1.3 The problems encountered in this work are varied and complex; as such matured 
judgment is often required forevaluation of the recordings. 

E2.1.4 He/She mustbe thoroughly familiarwith design and construction features ofthe bridge 
so as to make a correct interpretation and be capable of determining the safe load carrying 
capacity ofthe existing structure. He should be capable of recognising any deficiency in the 
structure, assess the seriousness and suggest appropriate remedial measures to ensure 
safety. His experience and knowledge to recognise problem areas (actual and potential) 
and to ensure preventive maintenance is an important requisite. 

E2.1.5 He/She should be able to utilise the expert knowledge and skills of associate 
engineers in respect of structural design, construction methods, material, hydro dynamics, 
equipment, soil technology, maintenance methods forpermanentand emergency measures 
etc. and should have access to resources and expert systems. 

E2.1.6 Definite guidelines should be given to ensure availability of technical assistance 
from other agencies/ where regular staff is not available. In case of specialised structure 
consultation with expert bodies is a necessity. 

E3. Training 

Bridge management requires extensive team work involving various levels of responsibility 
and skills. Training programmes need be framed in order to develop expertise. Training 
facilities may be set up at central level for training of trainees and at local level for actual 
imparting training to field staff. Workshop on topical interest may be held regularly to acquaint 
the concerned people with accepted technical methods and theircorrectapplication. 

E4. Frequency of Inspection 

E4.1 Detailed inspection 

E4.1.1 The details and frequency to which Bridges are to be inspected will depend on such 
factors as age, traffic characteristics, state ofthe structure and vulnerability and known history 
of deteriorating condition. Evaluation of these factors will be the responsibility ofthe individual 
in-charge ofthe inspection programme. 

E4.1.2 Each bridge has to be inspected in detail at regular intervals not exceeding 5 years. 
E4.2 Periodic routine inspection 

Certain items in each bridge have to be inspected atdefinite intervals of time, atleastonce 
a year, irrespective of whether anything alarming has taken place or not. 
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E4.3 Special inspection 

Such Inspections are required for any bridge with known deficiencies like restriction on weighty 
speed, loss of camber and are considered necessary on the basis of routine inspection or 
unusual occurrence. 

Recommended frequencies of various inspection item are shown in Table E-1. These 
however, are forguidance only. 


Table E-1 Bridge Inspection Record Sheet 
(Clause E 4.3) 


SI. 

No. 

Inspection Items 

5 

Year 

1 

Year 

6 

Months 

1) 

Main Bridge Structure 

a) 

Steel Girders and 

V 

V 





Stringers 

V 

V 




b) 

Trusses 

V 

V 


2) 

Bearing 

a) 

Wearing surface 

V 

V 


3) 

Decks 

a) 

Drainage System 

V 

V 

As 



b) 

Steel Deck 

V 

V 

situation 



c) 

Curbs 

V 

V 

demands 



d) 

Foot Path 

V 

V 


4) 

Expansion] oints 


V 

V 


5) 

Railing & Crash Barriers 


V 

V 


6) 

Signs 

- 

V 



7) 

Services & Utilities 


V 




NOTE : In the case of distressed Bridge Special instructions to be issued by competent 

authority. 

E5. Inspection Procedure 

E5.1 General 

E5.1.1 The field inspection of a bridge should be conducted in a systematic and organised 
manner and observation recorded on a format to ensure that no item is overlooked. Notes 
must be clear and detailed to the extent that they can be interpreted at a later date when 
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report is prepared. Sketches and photographs should be included in an effortto record actual 
conditions. 

E5.1.2 As faras possible the inspecting officershould schedule bridge inspection in those 
periods ofthe yearwhich offerthe mostfavourable conditions. Inspections during temperature 
extremes should be made at bearing, joints etc. Inspection should not be confined only to 
search for defects which exist, but for conditions of anticipatory nature and marking those 
zones. Preventive maintenance is equally importantto corrective ones. 

E5.2 Inspection items 

Inspection of all items such as approaches, waterways, basic floorconditions, substructure 
which may affect the safety ofthe steel superstructure need be done like other types of 
bridges. 


E6. Main Structure 

E6.1 Steel girders and stringers in the deck structure should be examined for signs of 
corrosion, cracks along the flanges around rivetorboltheads, its contactsurfaces and where 
waterenters and stands ordebris may collectatthe ends. 

E6.2 Flanges and webs shall be checked forany damage ormisalignment. Web-stiffeners 
are to be examined forsigns of deformation due to buckling. Unusual vibration orexcessive 
deflection under passage of heavy loads should be noted and cause investigated. 

E6.3 All end connections should be inspected to make sure thatthey are secure. 

E6.4 Weld areas should be inspected to check crack. Special care should be exercised 
to inspect corners, curved, sections and areas where there is an abruptchange in the size of 
metal or in configuration which may produce an area of concentrated stress or in areas 
where vibration ormovementcould produce stress concentration. Damages ordeformation 
caused to the main-structural members due to vehicular impactshould be particularly watched. 
Fatigue failure in welded joints being a cause of concern in bridge structures with age such 
structures need more careful check and watch. 

E6.5 Creep - The longitudinal movementof a girder is termed as creep. This pointshould 
be checked and girders pulled back if necessary to the proper position. 

E6.6 Distortion- With variation of temperature, the girder is likely to have longitudinal 
movementdue to expansion and contraction. Absolute freedom of movement is impracticable 
and there remains a residual force which develops internal stresses, causing tendency to 
distort. 
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E6.7 Lateral bracing 

Normally a span of a bridge consists of two or more girders braced together with lateral 
bracings. These bracings should be thoroughly checked for corrosion on loose rivets and 
deformity viz. bracing distortion etc. 

E6.8 Loose rivets 

Rivets are to be examined for looseness. This is caused due to running traffic and consequent 
vibratory effect and corrosion around the rivets. A joint with loose rivets should notbe touched 
unless more than 20 percent rivets in the joint are loose. 

E6.9 Bearings 

E 6.9.1 All bearing devices should be examined to ascertain thatthey are functioning properly. 
Changes in other parts of the structure such as piers/abutments settlementand tiltmay be 
reflected in the bearings. Bearings should be seated properly on their bed plates and provided 
with gaps at both ends. Bearing assembly should be checked for possible cracks by 
magnifying glass after removal of paintcoverin doubtful cases. In case of roller bearing, the 
relative position of the top castings, bottom castings and rollers and variation due to the 
temperature shall be noted. Longitudinal movementof the free-end shall be recorded under 
moving load. After unusual occurrences bearings and support pads must be examined for 
cracks, etc. Lateral shear keys in skew bridges also need special check. 

E6.9.2 Lubrication of bearings 

Oiling and greasing ofthe bearings is done periodically once in 3 years. Improperand failure 
in timely lubrication may lead to corrosion of bearings, resulting in reduction in strength and 
consequentdamages. 

Where bearings are encased in oil baths and stay submerged in recommended brand of 
lubricating oil the level of oil should be maintained by checking every year. It should be 
ensured thatthe oil baths are always sealed. 

E6.9.3 Elastomeric bearings 

The physical conditions of elastomeric bearing pads should be inspected forobserving any 
abnormal flattening, bulging orsplitting which may indicate overloading orexcessive unequal 
distribution of loading. Shifting from original position should be checked particularly. 

E6.9.4 Condition of bed-block & H.D. Bolts 

Bed blocks receive the full load from the bearings ofthe bridge and distribute and transmit 
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the same to the masonry below. Restriction of free movement in superstructure may result 
in: 

1) Developmentof transverse cracks in piers/abutments 

2) Failure of bed blocks joints leading to shaking bed blocks 

3) Shearing of holding down bolts (Particular importance due to introduction of 
greater longitudinal forces) 

It must be ensured thatthe anchor bolts are well secured. 

E7. Trusses 

E7.1 Camberof the trusses should be checked and the ambienttemperature recorded at 
the time of detailed inspection. A camberdiagram should be made in the inspection register. 
Loss of camber may be assessed from comparative readings. 

E7.2 All truss members should be checked. The compression members should be checked 
for straightness absence of kink or bows and the connections are undisturbed. (Tension 
members should notshow signs of cracking). 

E7.3.1 The truss should be checked againstdamage due to collision with vehiculartraffic; 
portal bracings and sway bracings are usually the most restrictive to overload movements 
and consequently susceptible to damage. 

E7.3.2 The condition of pins atthe connections and rivets, bolts should be checked to see 
thatnone are loose, worn-outorsheared. Particular care to be given to following locations : 

a) Connections of stringers to cross girders 

b) Connections of cross girderto main girder 

c) E nd connection of bracings 

d) Chord joints & web-memberconnection 

E8. Corrosion and Painting 

Steel structure is sensitive to the atmospheric moisture and vehicular smoke and therefore 
should be protected by paints or anti-corrosive measures. The condition of the members 
should be examined and the extent of corrosion recorded. The portions of steel work where 
water is likely to stagnate or which are subjected to alternate wetting ordrying need special 
care. Deformation in riveted or bolted multiple sections should be examined to check if 
moisture has entered and corroded the contact surfaces of the plates causing them to be 
pushed apart. The exact location and area of the affected portion should be recorded. This 
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area should be gotcleaned, thoroughly scraped, old paint, rust, scaling removed and repainted 
and appropriate remedial measures taken up immediately. 

E9. Decks 

E9.1 Steel decks should be checked for corrosion and unsound welds. It is importantto 
maintain an impervious surface over a steel plate deck to protect against corrosion in 
aggressive environmental condition. 

E9.2 It is necessary to have effective drain holes to prevent collection of water on the 
deck. 

ElO. Expansion J oints 

ElO.l Maintenance of these joints need special attention and should be carefully examined. 
The jointshould be clearof debris and be able to have free thermal expansion as designed. 

E10.2 Finger type joints and sliding plate joints should be checked for loose anchorage, 
cracking or separation of welds or other defects. Such defects cause structural deformation 
and is hazardous to traffic. Deck adjacentto expansion joints should be carefully examined 
forvoids and cracks. Underside of expansion joints also need careful inspection. Systematic 
documentation of the movementof expansion joints need to be keptto judge pro per functioning 
of the bridge structure. 

Ell. Railings and Safety Barriers 

Ell.l Handrails are to be examined for unusual damage, deformation, corrosion and 
paintings. The embedmentof posts to be checked forruststains, which are signs of rusting. 
Extent of corrosion need to be checked when signs existon the surface. 

E 11.2 All handrails are to be checked for any damage for traffic. The vertical and horizontal 
alignment are to be maintained. 

E12. Services 

The number and types of utilities, such as pipelines, cables etc. must be inspected and 
observations kept for record with the details suitably displayed. Special care need be kept 
for hazardous utilities. Regular joint inspection in such case with suitable guidelines is a 
necessity. 

E13. Special Structures 

E13.1 Moveable bridges 

The most common type of moveable bridge are the swing span, vertical lift Bascule 
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(Single or double leaf). Inspection of the trusses, floor system, and other structural 
elements will require inspection procedures suitably modified as per guidelines 
mentioned in the Code. Ensuring proper seating of the girder after operation is an 
absolute necessity. 

E13.2 In case of other structures like suspension Bridges, Cable stayed Bridges detailed 
inspection manuals should be prepared and staff trained to observe the same. 

E14. Documentation 

E 14.1 The most importantfunction of bridge maintenance unit is to prepare a complete, 
methodical and current record foreach bridge on the system. Much ofthe usefulness 
of the information obtained from field investigation depend upon its reliability and 
availability on a concise format. The record must be preserved systematically and 
readily available. 

E 14.2 Records should provide a full history ofthe structure including all recommendations 
for strengthening and restoration works undertaken and the behaviour of the structure 
thereafter. This record should indicate clearly the load carrying capacity ofthe structure with 
supporting documentshowing calculations. 

E14.3 Complete record in an usable format is vital for the continued service ability ofthe 
bridge. It is essential that computerised data system is introduced as soon as practicable. 

E 14.4 A sample record sheet is shown in Table E-1. 

E15. Standard Tools 

A list of standard tools required for inspection is given in Table E-2 as guide. 

E16. Signs 

E 16.1 All signs required to indicate restrictive load limit, reduced speed or impaired 
clearance should be inspected to ascertain they are visible and located in proper 
places. This inspection is to include sign at or on the structure and any advance warning 
sign. Examination should include that indications are legible and sign posts are well 
secured. 

E 16.2 For bridges over navigable, channels, it is necessary to inspect if the navigational 
signs for water-traffic are in place and secured. Navigational lights and serial obstructional 
lights should be inspected often to ensure thatthese are operating efficiently. 

E17. For more information please refer to IRC:SP-35 : Guidelines for Inspection and 
Maintenance of Bridges. 
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Table E-2 Standard Tools and Equipment 
A. STANDARD TOOLS 

1) Clip board, chalk, markers clamps etc, 

2) Pocket tapes, folding rules, tapes (10 m to 50 m) feeler gauges, callipers, 
micrometergauges, 

3) Straightedge, plumb bob, protector, spirit level. 

4) Thermometer, inspection mirror, binoculars, magnifying glass, camera. 

5) Scrapers, emery paper, portable torque wrenches, light hammer, piano-wire, 
portable ladder, rope. 

6) Flash light, pocket knife, wire brush, chipping hammer, thin steel rod (for use 
as probe) (8 mm to 20 mm dia) 

7) Hydraulic jacks, pulley blocks, wire-ropes, chains, slings etc., of appropriate 
capacity. 

8) Safety equipmentfor inspecting staff. 


ASSESSMENT POSSIBLE 


Steel 

Cracks 

Ultrasonic, radiographic 

Cable/wire failure 

Electric half cell potential 

Corrosion 

E lectrical resistivity meter 

Global behaviour 

Movements 

Modern surveying Instruments dial gauges 

Extensometric measurements 

Strain gauges, and extensometer 

Pressures, Forces 

P ressures transducers, or load cells 

Miscellaneous 

Thickness of coating 

Paintfilm gauge (digital electrometer) 

Waterproofing membranes 

E lectric resistance 

Vibration 

Accelerometer 

Widening of Cracks 

Glass cell tabs 

Metal Thickness 

Ultrasonic metal thickness measuring 
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ANNEX-F 

DESIGN ASSISTED BY TESTING 


FI. Need for Testing 

Testing of structures, members orcomponents ofstructures is notrequired when designed 
in accordance with this standard. Test may be accepted as an alternative to calculation or 
may become necessary in special circumstances. 

Testing on of a structural system, memberorcomponentmay be required to assistthe design 
in the following cases: 

a) When the calculation methods available are not adequate for the design of a 
particularstructure, memberorcomponent, testing shall be undertaken in place 
of design by calculation orto supplementthe design by calculation; 

b) Where rules ormethods fordesign by calculation would lead to uneconomical 
design, experimental verification may be undertaken to avoid conservative 
design; 

c) When the design or construction is notentirely in accordance with sections of 
this standard, experimental verification is recommended; 

d) When confirmation is required on the consistency of production of material, 
components, members or structures originally designed by calculations or 
testing; 

e) When the actual performance of an existing structure capacity is in question, 
testing shall be used to confirm it; 

F 1.1 Testing of structural system, memberorcomponentshall be of the following categories : 

a) Proof testing - The application of test loads to a structure, 
sub-structure member or connection to ascertain the structural characteristics 
of only thatspecific unit. 

b) Prototype testing - Testing of structures, sub-structures, members or 
connections is done to ascertain the structural characteristics of a class of such 
structures, sub-structures members orconnection, which are nominally identical 
to the units tested. 

F2. Types of Test 

F2.1 Acceptance test- This is intended as a non-destructive testforconfirming structural 
performance. It should be recognized that the loading applied to certain structures might 
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cause permanent distortions. Such effects do not necessarily indicate structural failure in 
acceptance test. However, the possibility of their occurrence should be agreed to before 
testing. 

The load for acceptance test shall be determined from = (1.0 x self weight) +(1.15 
X remainderof the permanent load) +(1.25 x variable load). 

The assembly shall satisfy the following criteria: 

a) Itshall demonstrate substantially linearbehaviourundertestloading. 

b) On removal of the test load, the residual deflection should notexceed 20 percent 
ofthe maximum-recorded deflection. 

If the above criteria are notsatisfied the test may be repeated one more time only, when the 
assembly shall satisfy the following criteria : 

a) Itshall demonstrate substantially linear behaviouron this second application of 
testloading. 

b) The corresponding recorded residual deflection in the second test shall not 
exceed 10 percentofthe maximum deflection during the test. 

F2.2 Strength test- Strength testis used to confirm the calculated resistance of a structure 
orcomponent. Where a numberof items are to be constructed to a common design, and one 
or more prototypes are tested to confirm their strength, the others may be accepted without 
any additional test, provided they are similar in all relevant respects to the prototype. 

Before carrying out the strength test, the specimen should first be subjected to and satisfy 
the acceptance test. Since the resistance ofthe assembly undertestdepends on the material 
properties, the actual yield strength of all the steel materials in the assembly shall be 
determined from coupon tests (test piece as defined in IS 1608). The mean value ofthe yield 
strength,taken from such tests shall be determined with due regard to the importance of 
each element in the assembly. 

The strength test load (including self weight) shall be determined from 
F = Y F^if /f) 

test, s * mi a ^ ym y 

where 

= characteristic yield stress ofthe material as assumed in the design 

F^ = factored design load forthe ultimate limitstate, and 

Y = partial safety factor for the type of failure, as prescribed in this 
Standard Specification 
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Atthis load there shall be no failure by buckling or rupture of any part of the Standard structure 
orcomponenttested. On removal of the testload, the deflection should decrease by atleast 
20 percent of the maximum deflection 

F2.3 Testto failure (ultimate strength test) - The objective of a testto failure is to determine 
the design resistance from the ultimate resistance. In this situation it is still desirable to carry 
outthe acceptance and strength tests, before testto failure. 


Not less than three testshall be carried outon nominally identical specimens An estimate 
should be made of the anticipated ultimate resistance as a basis for such tests. During a 
testto failure, the loading shall first be applied in increments upto the strength test load. 
Subsequentload increments shall then be determined from consideration ofthe principal 
load deflection plot. The test load resistance, F „ shall be determined as that load at 
which the specimen is unable to sustain any further increase in load. Atthis load, gross 
permanent distortion is likely to have occurred and in some cases such large gross 
deformation may define the test limit. If the deviation of any individual test result exceeds 
10 percent, of the mean value obtained for all the three tests, atleast three more tests 
shall be carried out. When the deviation from the mean does not exceed 10 percent of 
the mean, the design resistance may be evaluated as given below: 


a) When the failure is ductile, the design resistance, F^, may be determined from 


F=0.9F 

a test.min 


(f /f ) / 7 

V vni‘' ' 


mO 


where 


F . = minimum test resultfrom the tests to failure 

test.min 

= average yield strength as obtained from the material tests 

= characteristic yield stress of the grade of steel 

b) In the case of a sudden (brittle) rupture type failure, the design resistance may 
be determined from : 


where 


F, = 0.9 F, , . (f /f ) / r 

a test.min ii ^ um‘' ' 


mO 


= characteristic ultimate stress ofthe grade of steel used 

f = average ultimate tensile strength of the material obtained 
from tests 
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c) In the case of a sudden ("brittle") buckling type failure, the design resistance 
shall be determined from : 


F = 0.75F , . (f /f ) / r 

a test.min y ym'^ ' 


mO 


d) In ductile buckling type failure in which the relevantslenderness can be reliably 
assessed, the design resistance may be determined from: 


where 

/ir 


F = 0.9 F ( 7f / 7 f ) / y 

d test.min ^ ^ rn'^ y)w ' mO 

= reduction factorforthe relevant buckling curve 
= value of X when the yield strength is/^,^^ 


F2.4 Checktests - Where a componentorassembly is designed on the basis of strength 
tests or tests to failure and a production run is carried out of such items, an appropriate 
numberof samples (notless than two) shall be selected from each production batch atrandom 
for check tests. 


F2.4.1 The samples should be carefully examined to ensure thatthey are similarin all respects 
to the prototype tests, particular attention being given to the following: 

a) Dimensions of components and connections 

b) Tolerance and workmanship 

c) Quality of steel used, checked with reference to mill certificates 

F2.4.2 Where it is not possible to determine eitherthe variations orthe effect of variations 
from the prototype, an acceptance test shall be carried out as a check test. 

F 2.4.3 In this check test, the deflections shall be measured atthe same positions as in the 
acceptance testof the prototype. The maximum measured deflection shall notexceed 120 
percentofthe deflection recorded during the acceptance teston the prototype and the residual 
deflection should not be more than 105 percent of that recorded forthe prototype. 

F3. Test Conditions 


a) Loading and measuring devices shall be calibrated in advance 

b) The design ofthe test rig shall be such that 

i) The loading system adequately simulates the magnitude and distribution 
ofthe loading. 

ii) It allows the specimen to perform in a manner representative of service 
conditions. 
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iii) Lateral and torsional restraint, if any should be representative of those in 
service, 

iv) The specimen should be free to deflect under load as per the service 
condition, 

v) The loading system shall be able to follow the movements of the specimen 
without interruption or abnormal restraints. 

vi) Inadvertenteccentricities atthe point of application ofthe testloads and 
atthe supports are avoided 

c) The test load shall be applied to the unit at a rate as uniform as practicable. 

d) Deflections should be measured atsufficient points of high movements to ensure 
thatthe maximum value is determined. 

e) If the magnitude of stresses in a specimen is to be determined, the strain atthe 
desired location may be measured and the corresponding stress calculated. 

f) Prior to any test, preliminary loading (not exceeding the characteristic values 
ofthe relevant loads) may be applied and then removed, in orderto setthe test 
specimen on to the test rig. 

F4. Test Loading 

F4.1 Where the self-weightofthe specimen is not representative ofthe actual permanent 
load in service, allowance forthe difference shall be made in the calculation of test loads to 
be applied. 

F4.2 On the attainmentof maximum load foreitheracceptance orstrength tests, this load 
shall be maintained for at least 1 hour. Reading of load and deflection shall be taken at 
intervals of 15 minutes and the loading shall be maintained constant until there is no significant 
increase in deflection during a 15 minutes period or until at least 1 hour has elapsed. 

F4.3 The test load shall be equal to the design load for the relevant limit state in proof 
testing. 

F4.4 The test load in prototype testing shall be equal to the design load forthe relevant 
limit state as multiplied by the appropriate factor given in Table F.l. 

F5. Criteria for Acceptance 

F5.1 Acceptance for strength - The test structure, sub-structure, member or connection 
shall be deemed to comply with the requirements forstrength if it is able to sustain the strength 
test load for atleast 15 minutes. 
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No. of similar Units 
to be tested 

Strength limit state 

Serviceability Limit State 

1 

1.5 

1.2 

2 

1.4 

1.2 

3 

1.3 

1.2 

4 

1.3 

1.1 

5 

1.3 

1.1 

10 

1.2 

1.1 


Itshall then be inspected to determine the nature and extentof any damage incurred during 
the test. The effects of the damage shall be considered and if necessary appropriate repairs 
to the damaged parts carried out. 


F5.2 Acceptance forserviceability-The maximum deformation of the structure or member 
under the serviceability limit state test load shall be within the serviceability limit values 
appropriate to the structure. 
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ANNEX-G 

WORKING STRESS DESIGN 
(Based on IRC:24-2001) 


Gl. General 

In this method structural members are designed so thatthe unitstress caused by the design 
loads does not exceed a pre-defined permissible stress. The permissible stress is defined 
as the yield stress multiplied by a factor of safety. This factor of safety caters for the 
uncertainties in loads, material strength, behaviour of the structure, corrosion, 
fatigue etc. 

In the working stress method, apart from structural strength, serviceability requirements such 
as deflection etc also need to be considered and properly checked. 


G2. 

Loads and Stresses 

G2.1 

Combinations 

G2.1.1 

Main effects 


For the purpose of computing stresses, the classifications (column 1) and combinations 
(column 2) as given in Table G.l will be followed. For legend of symbols underCombination 
(column 2) referto Clause 202.1of IRC:6. 

G2.1.2 Othereffects 

G2.1.2.1 Secondary Effects {F) shall include, where applicable, the effects due to creep 
and shrinkage of concrete for composite deck and warping for box girder sections. 

G2.1.2.2 Erection effects shall include the loads and forces arising out of construction 
equipment and the effects of wind/seismic. 

G2.2 Permissible increase in stress 

G2.2.1 Increase 

The permissible increase (percent) in stress in the various members covered by this code 
due to combination stated in Clause G2.1 shall be as given under Increase (column 3) of 

Table G.l. 

G2.2.2 Limitation 

The above permissible increase in stress, shall however be limited to 90 percent of yield 
stress. 
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Table G.l 


Classification 

(1) 

Combination 

(2) 

Increase 

(3) 

1 

G + QovG +Q +F +F^+G,+ F^+F +G 

^ s -^im wc j b cj ep c 

Nil 

II 


15 percent 

III 

(II) +IV+F 

25 percent 

IV 

(II) +F +F 

40 percent 

V 

(II) FF. +W 

25 percent 

VI 

G + F +G, + F +F +F,+ W+G 

WC b ep er J c 

30 percent 

VII 

(VI) + F^^ - IV 

40 percent 


G2.3 Worst effect 

Subject to the provision of other clauses, all forces shall be considered as applied and all 
loaded lengths chosen in such a mannerthatthe worstadverse effect is caused on the member 
underconsideration. 

G2.4 Working stresses 

G2.4.1 Basic permissible stresses 

The basic permissible stresses for steelwork are given in Table G.2. 


Table G.2 Basic Permissible Stresses 


1) 

Axial tension on netarea 

0.6/ 

Jy 

2) 

Axial compression on effective section 

0.6/ 

Jy 

3) 

Bending 



In plates, flats, tubes and similarsections 

0.66/ 

J y 


In girders and rolled sections 

0.62/ 

Jy 

4) 

Shear Stress 



Maximum 

0.43/ 

J y 


Average 



For yield stress/^ < 250 MPa 

0.38/ 


For/^ > 250 MPa 

0.354 

5) 

Bearing stress on flatsurface 

0.84 
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However, the permissible stresses in axial orflexural compression shall notexceed those as 
perrelevantclauses considering the effect of buckling. 

G2.4.2 Equivalentstress 

G2.4.2.1 When a memberis subjected to a combination ofstresses, the equivalentstress 
a, , due to combination of shear stress t, , bearing stress a , and bending stress 
<7^ , tensile or (7,, , compressive is calculated from 

bt, cal be, cal ' 

or cr f + f - (o,,)(cr^) + 3 (t,,,, f 

shall notexceed the permissible stresses as indicated in relevant sections 
under different combination ofstresses. 

G2.4.2.2 Irrespective ofthe permissible increase of stress in otherclauses, the equivalent 
stress ( 7 ^ calculated in Clause G2.4.2.1above shall notexceed 92 percent of yield stress. 

G2.5 Permissible Stresses in Bolts, Rivets & Tension Rods 

G2.5.1 Fasteners 

All fasteners would be in accordance with Indian Standards. For bolts the yield stress used 
for calculating the permissible stress would be derived from the property class chosen as 
perrelevantindian Standards. The nutshould be of matching property class. Forhotrolled 
and high tensile rivets the yield stress would be in accordance with the relevant Indian 
Standards 

G2.5.2 Calculation of stresses 

In calculating shear and bearing stresses the effective diameter of a rivetshall be taken as 
the hole diameter and that of bolt shall be taken as its nominal diameter. In calculating the 
axial tensile stress in a rivetthe gross area shall be used and in calculating the axial tensile 
stress in a bolt or screwed tension rod the net area shall be used. 

G2.5.3 Gross and net area 

G2.5.3.1 The gross area of a rivetshall be taken as the cross sectional area ofthe rivet 
hole. The nominal diameterof rivetshall be the diameter (cold) before driving. The nominal 
area of a rivetshall be based on the nominal diameter. 
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G2.5.3.2 The netsectional area of a boltora screwed tension rod shall be taken as the 
area ofthe rootofthe threaded partorcross sectional area ofthe unthreaded partwhichever 
is lesser. The nominal diameterof a boltshall be the diameterof the shank ofthe bolt. The 
nominal area of a boltshall be based on the nominal diameter. 

G2.5.4 Basic permissible stresses 

The basic permissible stresses for rivets, bolts, tension rods are given in Table G.3. 

G2.5.5 Combined tensile & shearstresses 

Rivets and bolts subjectto shear and externally applied tensile forces shall be so proportioned 
that the quantity. 

where 

a, , = actual tensile stress in the rivetor bolt 

tf,cal 

a = permissible tensile stress in the rivet or bolt as given in Table G.3 
X, , = actual shearstress in the rivetor bolt, 

vf,cal 

x^^ = permissible shearstress in the rivet or bolt as given in Table G.3 

G2.5.6 HSFG bolts 

High strength friction grip bolts shall be used in conformity with IS 4000-1992. 

G2.6 Permissible Stresses in Welds 

G2.6.1 Basic permissible stresses 

The basic permissible stresses in weld shall be as per Indian Standards namely 
IS 816-1969 and as modified in IS 1024-1979. 

G2.6.2 Shop welds 

G2.6.2.1 Buttwelds 

But weld shall be treated as parent metal with a thickness equal to the throatthickness, and 
the stress shall not exceed those permitted in the parent metal. 
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Table G.3 Basic Permissible Stresses for Rivets, Bolts and Tension Rods 


1 ) 

In tension 

Axial stress on nominal area of rivet and on net area of bolts 
and tension roads : 

Powerdriven shop rivets 

Power driven field rivets 

Bolts over 38 mm dia 

Bolts 20 mm up to 38 mm dia 

Bolts less than 20 mm dia 

Tension Rods 

0.33/ 

J y 

0.27 f 

Jy 

0.53/ 

J y 

0.40/ 

Jy 

0.33/ 

J y 

0.53/ 

Jy 

2 ) 

In shear 

Shear stress on gross area of rivets and nominal area of bolts : 



Powerdriven shop rivets 

0.43/ 

Jy 


Powerdriven field rivets 

0.40/ 

J y 


Hand driven rivets 

0.33/ 

J y 


Turned and fitted bolts (IS 3640) 

0.43/ 

Jy 


Black bolts (IS 1363) 

0.37/ 

Jy 

3) 

In bearing 

Bearing stress on gross diameter of rivets and nominal 
diameter bolts : 



Powerdriven shop rivets 

1 .00/ 

Jy 


Powerdriven field rivets 

0.90 f 

Jy 


Hand driven rivets 

0.01 f 

J y 


Turned and fitted bolts (IS 3640) 

1 .00/ 

Jy 


Black bolts (IS 1363) 

0.87/ 

Jy 
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G2.6.2.2 Filletwelds 


The basic permissible stress in filletwelds shall not exceed the permissible shearstress as 
follows : 


Steel Conforming 

Electrode Designation 
as per IS 815-1974 

Shear Stress Mpa 

IS 2062 upto Grade E250 

EXXX-43X 

108 

IS 2062 Grade E300 

and above 

EXXX-51X 

131 


G2.6.2.3 Plug welds 


The permissible shearstress in plug welds will not exceed those given for fillet welds as 
above. 

G2.6.3 Site welds 

The permissible stresses forshearand tension forsite welds made during erection of structural 
members shall be reduced to 80 percentofthose given in Clause G2.6.2 above. Site welding 
should be proposed only if quality welds can be ensured atsite including facilities fortesting 
the welds as percodal requirements. The percentage of site welds to be tested should be 
100 percentas given underClauses 513.6.12.7.2to 4. 

G2.6.4 Combined stresses in a weld 

G2.6.4.1 When a weld is subjected to a combination of stresses, the equivalent stress 
due to combination of shearstress bearing stress a^^^/and bending stress 
tensile or compressive is calculated from 

e.ca, = p,cal ) + ^Kcal f 

or f - i<^bc,cal ) + ^Kcal f 

shall not exceed the permissible stresses as indicated in relevant sections 
under different combination of stresses. 

G2.6.4.2 Irrespective of the permissible increase of stress in other clauses, the 
equivalentstress calculated in Clause G2.6.4.1 above shall not exceed 92 percent of 
yield stress/^. 
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G2.7 Stress Analysis 

G2.7.1 General 

The global analysis ofthe structure should be done using an elastic method. Forstructures in 
which the load effects are not proportional to the loads and/or the secondary effects due to 
deformation are significant, the method of analysis should be suitable fortreatmentof non¬ 
linear behaviour. 

G2.7.2 Sectional properties 

The sectional properties to be used in global analysis should generally be calculated for 
the gross section assuming the specified sizes. For beams ortrusses on flexible supports 
account should however be taken of its influence of shear lag on their stiffenesses. The 
effect of shear lag should also be taken into account in analysis of conditions during 
erection of continuous girders of box construction or with integral decks. 

G2.7.3 Longitudinal stresses in beams 

The distribution of longitudinal stress between the flanges and web orwebs of a beam may 
be calculated on the assumption that plane section remains plane, but using effective widths 
ofthe flanges and the effective thickness of a deep web in accordance with the provisions of 
Clause G4, no further account need be taken of deformation ofthe plate outof its plane. 

G2.7.4 Shearstress 

The design values of shearstress in webs of rolled orfabricated I, box orchannel sections 
may be calculated in accordance with the provisions of Clause G4. Shearstresses in other 
sections should be computed from the whole cross-section having regard to the distribution 
of flexural stress across the section. 

G2.8 Stresses 

G2.8.1 Primary stresses 

In the design of triangulated structures, axial stresses in members are usually calculated on 
the assumption that: 

- all members are straightand free to rotate atthe joints; 

- all joints lie atthe intersection ofthe centroidal axes ofthe members 

- all loads, including the weight of the members, are applied at the 
joints. 

These stresses are defined as primary stresses. 
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G2.8.2 Secondary stresses 

In practice these assumptions are not realised and consequently members are subjected 
notonly to axial stress butalso to bending and shearstresses. These stresses are defined 
as secondary stresses and fall into two groups : 

i) Stresses which are the result of eccentricity of connections and off-joint 
loading generally (i.e. loads rolling directly on chords, self weight of 
member and wind loads on member) 

ii) Stresses which are the result of the elastic deformation of the structure 
and the rigidity of the joints. These are known as deformation stresses. 

G2.8.2.1 Structures shall be designed, fabricated and erected in such a manner as to 
minimise as far as possible secondary stresses. 

G2.8.2.2 Secondary stresses which are the result of eccentricity of connections and of 
off-joint loading [underClause G2.8.2 (i) above], shall be computed and combined with the 
coexistent axial stresses in accordance with appropriate clause, butsecondary stress due 
to the self weightand wind on the membershall be ignored in this case. 

NOTE : In computing the secondary stress due to loads being carried direct by a chord, the 

chord may be assumed to be a continuous girder supported atthe panel points, the 
resulting bending moments, both atthe centre and atthe supports being taken as 
equal to 3/4 of the maximum bending moment in a simply supported beam of span 
equal to the panel length. Where desired, calculations may be made and the 
calculated bending moments may be taken. In computing such bending moments, 
the impactallowances shall be based on a loaded length equal to one panel length. 

G2.8.2.3 Secondary stresses which are the resultofthe elastic deformation ofthe structure 
(underClause G2.8.2 (ii) above) shall be either computed or assumed in accordance with 
Clause G2.8.3 below and combined with the coexistentaxial stresses. 

G2.8.3 Deformation stresses 

In orderto minimize the deformation stresses in girder, the ratio ofthe width ofthe members 
in the plane of distortion to their length between centre of intersections shall preferably be 
not greater than 1/12 ofthe chord members and 1/24 of web members. In the absence of 
calculations the deformation stresses shall be assumed to be not less than 16| percent of 
the dead load and live load stresses including impact. 

G2.8.3.1 All open web girders of effective spans greater than 50 m may properly be 
cambered. Recommended procedure forcambering such girders is given in Annex-B. For 
such girders, deformation stresses (underClause G2.8.3) above may be ignored. 
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General Design Considerations 

Effective Spans 
Refer to Clause 504.1 


G3. 

G3.1 

G3.2 Effective Depths 

Refer to Clause 504.2 

G3.3 Spacing of Girders 

Refer to Clause 504.3 

G3.4 Depth of Girders 

Refer to Clause 504.4 

G3.5 Deflection of Girders 

Refer to Clause 504.5 

G3.6 Camber 

Refer to Clause 504.6 

G3.7 Minimum Sections 

Refer to Clause 504.7 

G3.8 Sectional Area 

G3.8.1 Gross sectional area 

The gross sectional area shall be the area of the cross section as calculated from the specified 
sizes. 

G3.8.2 Effective sectional area 

G3.8.2.1 Tension members - The effective sectional area of the member shall be the 
gross sectional area with the following deductions as appropriate. 

G3.8.2.1.1 Exceptas required in Clause G3.8.2.1.2 the areas to be deducted shall be the 
sum of the sectional areas of the maximum number of holes in any cross-section at right 
angles to the direction of stress in the member. 

G3.8.2.1.2 Inthecaseof: 

a) all axially loaded tension members 

b) beams of structural steel conforming to IS 2062 upto Grade E250 and 
with d/tgreaterthan 85 
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c) beams of structural steel conforming to IS 2062 Grade 300 and above 
and with d/t greater than 75 

where 

t = thickness of web, and 

d = depth of beams to be taken as the clear distance between flanges ignoring 
fillets. 


and where bolt or rivet holes are staggered, the area to be deducted shall be the greater of 
the following : 

I) the maximum numberofthe holes in any cross-section atrightangles to 
the direction of stress in the member 

ii) the sum of the sectional areas of all holes in a chain of lines extending 
progressively across the member, less s^ t/ 4g for each line extending 
between holes atotherthan rightangles to the direction of stress, where, 
s,g and t are respectively the staggered pitch, gauge, and thickness 
associated with the line under consideration. The chain of lines shall be 
chosen to produce the maximum such deduction. For non-planersections, 
such as angles with holes in both legs, the gauge, g, shall be the distance 
along the centre of the thickness of the section between hole centres. 

NOTE : In a built-up member where the chains of holes considered in individual parts do not 

correspond with the critical chain of holes for the members as a whole, the value of 
any rivets or bolts joining the parts between such chains of holes shall be taken 
into account in determining the strength of the member. 

G3.8.2.1.3 Angles and tees in tension 

a) In the case of single angle connected through one leg the net effective 
sectional area shall be taken as : 


where 

Al 

A2 

k 


Al -I-A2 X k 

= effective cross-sectional area of the connected leg 
= the gross cross-sectional area ofthe unconnected leg, and 
= 3A1 + (3A1 -I-A2) 


where lug angles are used, the effective sectional area ofthe whole ofthe angle member 
shall be considered. 


b) In the case of pair of angles back-to-back (ora single tee) connected by 
one leg of the angle (or by the flange of the tee) to the same side of a 
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gusset, the net effective area shall be taken as 
A1 +A2xk 


where 


A1 and A2 are as defined in G3.8.2.1.3 (a) and 
k = 5A1 + (5A1 +A2) 

The angles shall be connected together along their length in accordance with the requirements 

as given in Clause 506.2.6.1, 

G3.8.2.2 Compression members 

The gross sectional area shall be taken for all compression members subject to relevant 

clauses. 

G3.8.2.3 Parts in shear 

The effective sectional area forcalculating average shearstress for parts in shearshall be 

as follows : 

a) Rolled beams and channels - The product of the thickness of the web 
and the overall depth of the section. 

b) Plate girder -The productof the thickness of the web and the full depth of 
the web plate. 

NOTES: 

1) Where webs are varied in thickness in the depth of the section by the use of 
tongue plates orthe like and in the case of other sections, the maximum shear 
stress shall be computed from the whole area of cross-section having regard 
to the distribution of flexural stresses. 

2) Webs which have openings larger than those used for rivets, bolts or other 
fastenings require special consideration and the provisions of this clause are 
notapplicable. 

G3.9 Skew Bridges 

Refer to Clause 504.8. 
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G4. Design of Beams 

G4.1 General 

G4.1.1 Beams shall be proportioned on the basis ofthe moment of inertia ofthe gross 
cross-section with the neutral axis taken at the centroid of that section. In computing the 
maximum stresses, the stresses calculated on this basis shall be increased in the ratio of 
the gross to the effective area ofthe flange section. For this purpose the flange sectional 
area in riveted or bolted construction shall be taken to be that of the flange plates, flange 
angles and the portion ofthe web and side plates, if any, between the flange angles. In 
welded construction, the flange sectional area shall be taken to be thatof flange plates and 
of the tongue plates (i.e. the thick vertical plates connecting flange to web) if any, upto a 
depth ofthe tongue plate equal to eighttimes its thickness, which shall not be less than twice 
thatof the web. 

G4.2 Web Plates 

G4.2.1 Minimum thickness 

Refer to Clause 509.6. 

G4.3 Flanges 

G4.3.1 The effective sectional area of compression flanges shall be the gross area 
with the specified deduction for excessive width of plates (Clause G4.3.3, G4.3.4) and 
maximum deduction foropen holes and holes for bolts occurring in section perpendicularto 
the axis ofthe member. 

G4.3.2 The effective sectional area of tension flanges shall be the gross sectional 
area with specified deduction for excessive width or projection of plates (Clause G4.3.5) 
and deduction of all holes as specified for rivet or bolt holes in tension members in 
Clause G3.8.2.1. 

G4.3.3 In riveted or bolted construction, flange angles shall form as large a part 
ofthe area ofthe flange as practicable (preferably not, less than 1/3) and the number 
of flange plates shall be kept to a minimum. Where flange plates are used, they shall 
preferably of equal thickness and at least one plate of the top flange shall extend the 
full length ofthe girder, unless the top edge ofthe web is finished flush with the flange 
angles. 

Compression flange plates unstiffened attheiredges shall not project beyond the outerlines 
of connections to the flange angles by more than 16t' for steel conforming to IS 2062 upto 
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Grade E250 or 14t' for steel conforming to IS 2062 Grade E300 and above where t' is the 
thickness of the thinnest flange plate or the aggregate thickness of the two or more plates 
when projecting portions of these plates are adequately tacked together. 

G4.3.4 In welded construction, compression flange plates unstiffened attheir edges 
shall not project beyond the line of connection to the web or tongue plates by more 
than 12t'. 

G4.3.5 In all cases tension flange plates, stiffened or unstiffened attheir edges, shall 
not project beyond the outer line of connections to the flange angles (or where there are no 
flange angles, to the web ortongue plates) by more than 20t'. 

G4.3.6 Forthe flanges of beams with vertical stiffeners only (see Clause G4.11.2.2), 
where d/t\s greaterthan 130 in the case of steel conforming to IS 2062 upto Grade E250 or 
110 in the case of steel conforming to IS 2062 Grade E300 and above and when the average 
shear stress in the web is greater than 0.6 of the permissible stress given for mild steel in 
Clause G2.4.1, the quantity ll{b^t) shall not be less than 2.5 x lO'"^ in the case of steel 
conforming to IS 2062 upto Grade E250 and 3 x lO"'’ in the case of steel conforming to 
IS 2062 Grade E300 and above. 

where 

I = the moment of inertia of the compression flange about its axis normal to the 
web, taken as thatof the flange angles and plates and the enclosed portion of 
the web in the case of riveted construction and in the case of welded 
construction, as the flange plate togetherwith a depth of web (adjacentto the 
flange plate) equal to 16 times the web thickness. 

Jj = effective depth of the girder as defined in Clause 509.6 

b = spacing of stiffeners 

t = thickness of web 

G4.4 Effective Length of Compression Flanges 

The effective length of the compression flange for buckling normal to the plane of the girder 
shall be as given below. 

G 4.4.1 Simply supported beams with no intermediate lateral support to compression 
flange, butwith each end restrained againsttorsion 
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G4.4.1.1 When there is no intermediate lateral restraintto a compression flange, effective 
length / should be taken as 


l = k^L 

where 

L = Span of the beam (i.e between restraint atsupports) 

= 1.0 if the compression flange is free to rotate in plan atthe points of support, 

or 

= 0.85 if the compression flange is partially restrained against rotation in plan 
atone support and free to rotate in plan atthe other, or 

= 0.7 if the compression flange is fully restrained against rotation in plan atthe 
points of support. 

G4.4.1.2 Restraint againsttorsion atthe supports can be provided by web orflange 
cleats, by bearing stiffeners, by end frames or by lateral supports to the compression 
flange. The restraint element shall be designed to resist, in addition to the effects of 
wind and other applied lateral forces, the effects of a horizontal force acting normal 
to the compression flange of the girder at the level of the centroid of this flange 
where 


_ 1.4xl0~^x/ 

'"■<?(/*//.,- 1 - 7 ) 

In the above formula : 

/ = has the value given in Clause G4.4.1.1 

= the critical stress in the flange as defined in Clause G4.6.2 
4 ^ = the calculated working stress in flange 

S = the deflection of the flange underthe action of unit horizontal force as defined 
in Clause G4.4.2 

G4.4.2 Simply supported beams with compression flange laterally supported by 
U-Frames. 
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For simply supported girders where there is no lateral bracing of the compression flanges 
but where cross members and stiffeners forming U-Frames provide lateral restraint. 


where 

E 


1 = 2.5 X ^El^aS but not less than "a" 


Young's Modulus 


/ = Maximum moment of inertia of compression flange about its 
centroidal axis parallel to the web of the girder. 

a = distance between frames 


S = the lateral deflection which would occur in the U-Frame at the level of the 
centroid of the flange being considered when a unit force acts laterally to the 
U-Frame only atthis pointand simultaneously ateach corresponding pointon 
the otherflange orflanges connecting to the same U-Frame. The direction of 
each unit force should be such as to produce the maximum aggregate value 
of s ■ The U-Frame should be taken as fixed in position at each point or 
intersection between the cross member and a vertical as free and unconnected 
atall otherpoints. 

when s is notgreaterthan 


I = a 

In cases of symmetrical U-Frames where cross members and stiffeners are 
each of constant momentof inertia throughouttheirown length. 


where 


^ ^ {d,fb 

3£/i EI 2 

distance ofthe centroid of the compression flange from the top of the cross 
member 


= distance ofthe centroid ofthe compression flange from the neutral axis ofthe 
cross member 


b = half the distance between centres of the main girders. 

/j = the momentof inertia of a pair of stiffeners about the centre ofthe web, or a 
single stiffener a bout the face ofthe web. A width of web plate upto 16 times 
the web thickness may be included on each side of centre lines of connection. 

= Momentof inertia of the cross member in its plane of bending 
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G4.4.3 Beams with laterally supported compression flanges 

When a compression flange is provided with effective discrete lateral restraints effective 
length I should be taken as the greatest distance centre-to-centre of restraint members 
between a restraint and a support. Where such restraint is provided by interconnecting 
bracing, consideration should be given to the possibility of lateral instability of the combined 
cross-section. 

G4.4.4 Cantilever beams without intermediate lateral support 

When a cantilever beam is not provided with lateral support between its support and tip, I 
may be taken from Table G.4 where L is the length of cantilever. 


Table G.4 Effective Length I for A Cantilever Beam Without 
Intermediate Lateral Restraint 

(Clause G4.4.4) 


Restraint Conditions 

Position of Load 

Atsupport 

At tip 

On tension flange 

All other 



where there is no 

position 



lateral restraint to 




load orflange 


1) Builtin 

a) Free 

1.4 L 

0.8 L 


b) Tension flange held 

1.4 L 

0.7 L 


againstdisplacement 




c) Both flanges held against 

0.6 L 

0.6 L 


lateral displacement 



2) Continuous 

a) Free 

2.5 L 

1.0 L 

and both 

b) Tension flange held against 

2.5 L 

0.9 L 

flanges held 

displacement 



againstlateral 

c) Both flanges held against 

1.5 L 

0.8 L 

displacement 

lateral displacement 



3) Continuous 

a) Free 

7.5 L 

3.0 L 

with tension 

b) Tension flange held against 

7.5 L 

2.7 L 

flange held 

displacement 



againstlateral 

c) Both flanges held against 

4.5 L 

2.4 L 

displacement 

lateral displacement 




NOTE : L is the length of the cantilever 
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G4.4.5 Beams continuously restrained by deck atcompression flange level 

A compression flange continuously supporting a reinforced concrete or steel deck shall be 
deemed to be effectively restrained laterally throughout its length (i.e. I =0) if the frictional or 
positive connection of the deck to the flange is capable of resisting a lateral force of 
2.5 percent of the force in the flange atthe point of maximum bending moment, distributed 
uniformly along length. 

G4.5 Slenderness Ratio 

The slenderness ratio Ji(i.e, l/r^) of a beam shall notexceed 300 and itshall not exceed 150 
for cantilevers. 

where 


/ = effective length of the compression flange as specified in 
Clause G4.4 

= the radius of gyration of the whole beam about its y-y axis based on the gross 
moment of inertia and the gross sectional area. 

G4.6 Permissible Bending Stresses 

G4.6.1 The tensile and compressive bending stresses calculated according to 
Clause G4.1.2 shall notexceed the appropriate permissible stresses in Table G.2. 

G4.6.2 Forbeams and plate girders with /^smallerthan 

where 

/ = moment of inertia of the whole section about the axis lying in the plane of 
bending (y-y axis) 

/ = moment of inertia of the whole section aboutthe axis normal to the plane of 
bending (x-x axis) 

The bending compression stress calculated according to Clause G4.1 shall not exceed 
the permissible bending compressive stress given in Table G.5 corresponding to/^^ 
(elastic critical stress), calculated as follows : 
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Table G.5 Values of Calculated from for Different Values of 

(Clause G4.6.2) 

All Units in MPa 


fcb ^ 

250 

340 

400 

20 

13 

13 

13 

30 

19 

19 

19 

40 

25 

26 

26 

50 

31 

31 

32 

60 

36 

37 

38 

70 

41 

43 

44 

80 

46 

48 

49 

90 

51 

54 

55 

100 

55 

59 

60 

110 

60 

64 

65 

120 

64 

68 

70 

130 

67 

73 

75 

140 

71 

77 

80 

150 

74 

81 

84 

160 

78 

85 

89 

170 

81 

89 

93 

180 

84 

93 

97 

190 

87 

97 

102 

200 

89 

100 

105 

210 

92 

103 

109 

220 

94 

106 

112 

230 

93 

110 

116 

240 

99 

113 

119 

250 

101 

115 

122 

260 

103 

118 

126 

270 

104 

121 

129 

280 

106 

123 

132 
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290 

108 

126 

135 

300 

no 

128 

137 

310 

111 

130 

140 

320 

113 

133 

143 

330 

114 

135 

145 

340 

115 

137 

148 

350 

117 

139 

150 

360 

118 

141 

152 

370 

119 

143 

155 

380 

120 

144 

157 

390 

121 

146 

159 

400 

122 

148 

161 

420 

124 

151 

165 

440 

126 

154 

169 

460 

128 

157 

172 

480 

130 

159 

175 

500 

131 

162 

178 

520 

133 

164 

181 

540 

134 

166 

184 

560 

135 

168 

187 

580 

136 

170 

189 

600 

137 

172 

192 

620 

138 

174 

194 

640 

139 

175 

196 

660 

140 

177 

198 

680 

141 

178 

200 

700 

142 

180 

202 

720 

143 

181 

204 

740 

143 

182 

205 

760 

144 

184 

207 

780 

145 

185 

208 
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800 

145 

186 

210 

850 

147 

188 

213 

900 

148 

191 

216 

950 

149 

193 

219 

1000 

150 

195 

222 

1050 

151 

196 

224 

1100 

152 

198 

226 

1150 

152 

199 

228 

1200 

153 

200 

230 

1300 

154 

203 

233 

1400 

155 

205 

236 

1500 

156 

206 

238 

1600 

157 

208 

240 

1700 

157 

209 

242 

1800 

128 

210 

243 

1900 

158 

211 

245 

2000 

159 

212 

246 

2200 

160 

213 

248 

2400 

160 

215 

250 

2600 

161 

216 

251 

2800 

161 

216 

252 

3000 

161 

217 

253 

3500 

162 

218 

255 

4000 

163 

219 

257 

4500 

163 

220 

258 

5000 

163 

221 

259 

5500 

163 

221 

259 

6000 

164 

222 

260 
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Elastic critical stress 

The elastic critical stress/Jorbeams and plate girders with l smallerthan/ shall be calculated 
using the following formula : 


l^ = k,(X + k^Y)(c^/c,) 


where 


X 

= Y ^\ + {\m){(lT)/(ryD)f MPa 

Y 

= 26.5 X 10 ^ /(l/r^y MPa 

Cj, Cj 

= respectively the lesser and greater distances from the section neutral 
axis to the extreme fibres 

D 

= overall depth of the beam 

T 

= mean thickness of the compression flange 

1 

= effective length of compression flange 

r 

y 

= radius of gyration of the section about its axis of minimum strength 
(y-yaxis) 


= a coefficient to allow for reduction in thickness or breadth of flanges 
between the points of effective lateral restraintand depends on y/^the 
ratio of total area of both flanges atthe pointof least bending moment 
to the corresponding area atthe point of greatest bending moment 
between such points of restraint. Values ofk^ for different values of 
are given in Table G.6. 

^2 

= a coefficientto allow forthe ineguality of flanges and depends on a), 
the ratio of the moment of inertia of the compression flange alone to 
thatof the sum of the moments of inertia of the flanges each calculated 
about its own axis parallel to the axis of the girder, at the point of 
maximum bending moment. The values ofk^, fordifferentvalues of co 
are given in Table G.7 Values ofxand Pfor appropriate values of D/T 
and Z/r^are given in Table G.8. 
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Table G.6 Values of for Beams with Curtailed Flanges 

(Clause G4.6.2) 


¥ 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 

k, 

1.0 

1.0 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 


NOTE : Flanges should not be reduced In breadth to give a value of y/ lower 

than 0.25 


Table G.7 Values of Beams with Unequal Flanges 

(Clause G4..6.2) 


CO 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 

^2 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

-0.2 

-0.4 

-0.6 

-0.8 

-1.0 


G4.6.2.1 Values of/^^ shall be increased by 20 percent when T/t is not greater than 2.0 

and d/t\s notgreaterthan 1344/V/^whereis as defined in Clause 509.6 and tthe thickness 
of the web and the value of/^ is expressed in MPa. 

G4.6.3 Beams bentaboutthe axis of minimum strength (y-y axis) 

The maximum permissible bending stress intension or in compression in beams bentaboutthe 
axis of minimum strength shall not exceed the appropriate permissible stresses in Table G.2. 

G4.6.4 Angle and tee shapes 

The bending stress in the leg when loaded with the flange ortable in compression shall not 
exceed the appropriate permissible stresses in Table G.2. When loaded with the leg in 
compression, the permissible bending stress shall be calculated from Clause G4.6.2 with 
A 2 = -1.0 and r = thickness of leg. 

G4.7 Permissible Shear Stress 

G4.7.1 Maximum shearstress 

The maximum shearstress in a member having regard to the distribution of stresses in 
conformity with the elastic behaviourofthe member in flexure, shall not exceed the appropriate 
permissible stress in Table G.2. 
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Table G.8 Values of X and Y for Calculating/, 
(Clause G4.6.2) 



X 

Y 

D/T^ 
1/ry i 

8 

10 

12 

14 

16 

18 

20 

25 

30 

35 

40 

50 

60 

80 

100 


40 

2 484 2 

222 2 

066 1 

965 1 

897 1 

849 1 

8141 

759 1 

728 1 

709 1 

697 1 

683 1 

675 1 

6671 

663 

1 656 

45 

2 103 1 

856 1 

709 1 

612 1 

546 1 

409 1 

465 1 

4111 

380 1 

362 1 

349 1 

335 1 

327 1 

319 1 

315 

1 309 

60 

1 822 

1590 1 449 1 

357 1 

293 1 

248 1 

214 1 

161 1 

131 1 

113 1 

101 1 

086 1 

078 1 

0701 

067 

1 060 

55 

1 607 1 

389 1 

234 1 

166 1 

105 1 

060 1 

028 

976 

947 

929 

917 

902 

894 

886 

883 

876 

60 

1 437 1 

232 1 

104 1 

020 

961 

915 

886 

835 

806 

755 

776 

762 

754 

746 

743 

736 

65 

1 301 1 

107 

985 

904 

847 

806 

775 

726 

697 

679 

657 

653 

645 

637 

634 

627 

70 

1 188 1 

005 

889 

811 

757 

717 

687 

638 

610 

592 

581 

567 

559 

551 

547 

541 

75 

1 094 

920 

810 

735 

682 

644 

615 

567 

540 

522 

G7 

497 

489 

481 

478 

471 

80 

1 014 

849 

743 

672 

621 

584 

556 

G5 

482 

465 

454 

440 

432 

424 

421 

414 

85 

945 

788 

687 

618 

570 

533 

G2 

461 

434 

417 

406 

392 

385 

377 

373 

367 

90 

886 

735 

639 

573 

526 

491 

464 

420 

394 

377 

366 

353 

345 

337 

334 

327 

95 

833 

689 

597 

534 

488 

454 

428 

385 

360 

343 

332 

319 

311 

304 

300 

294 

100 

787 

649 

560 

499 

455 

423 

398 

356 

331 

314 

304 

290 

283 

275 

272 

265 

110 

708 

582 

799 

443 

402 

371 

347 

307 

283 

268 

257 

244 

237 

229 

226 

219 

120 

644 

527 

451 

398 

359 

330 

308 

370 

247 

232 

222 

209 

202 

194 

191 

184 

130 

591 

482 

411 

361 

325 

298 

277 

240 

218 

204 

194 

181 

174 

167 

163 

157 

140 

546 

444 

378 

331 

297 

271 

251 

217 

195 

181 

172 

160 

153 

145 

142 

135 

150 

G4 

412 

350 

306 

274 

249 

230 

197 

177 

163 

154 

142 

135 

145 

124 

118 

160 

474 

385 

326 

284 

254 

230 

212 

181 

161 

148 

139 

127 

121 

113 

110 

104 

170 

445 

360 

306 

265 

236 

214 

197 

167 

148 

135 

126 

115 

109 

102 

95 

92 

180 

420 

339 

286 

249 

221 

200 

184 

155 

137 

125 

116 

105 

98 

92 

88 

82 

190 

397 

320 

270 

235 

208 

188 

172 

145 

2127 

115 

107 

96 

90 

83 

80 

73 

200 

476 

304 

256 

222 

197 

177 

162 

136 

119 

107 

99 

89 

83 

76 

78 

66 

210 

358 

238 

243 

210 

186 

168 

153 

128 

112 

101 

93 

82 

76 

70 

66 

60 

220 

341 

275 

231 

200 

177 

159 

145 

121 

105 

94 

87 

77 

71 

64 

61 

55 

230 

326 

262 

220 

191 

169 

152 

138 

115 

99 

89 

82 

72 

66 

60 

56 

50 

240 

312 

251 

211 

182 

161 

145 

132 

109 

94 

84 

77 

67 

62 

55 

52 

46 

250 

299 

241 

202 

175 

151 

139 

126 

104 

90 

80 

73 

64 

58 

52 

49 

42 

260 

288 

231 

194 

167 

148 

133 

121 

99 

85 

76 

68 

60 

55 

48 

45 

39 

270 

277 

222 

186 

161 

142 

127 

115 

95 

82 

72 

66 

57 

52 

46 

42 

36 

280 

267 

214 

180 

155 

137 

122 

111 

91 

78 

69 

63 

54 

49 

43 

40 

34 

290 

257 

207 

173 

149 

132 

118 

107 

88 

75 

66 

60 

52 

46 

41 

38 

32 

300 

249 

200 

167 

144 

127 

114 

103 

84 

72 

64 

57 

49 

44 

38 

35 

30 
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G4.7.2 Average shear stress 

The average shearstress in a member calculated on the cross section ofthe web shall not 
exceed the maximum permissible average shearstress r^,^as follows 

a) For unstiffened webs : appropriate permissible stress in Table. G.2 

b) For stiffended webs : the values given in Tables G.9, G.IO and G.ll as 
appropriate yield stress values 250, 340 and 400 MPa respectively. 

NOTE : The allowable stresses given In Tables G.9, G.IO and G 11 apply provided any 

reduction ofthe web cross-section Is due only to rivet/bolt holes etc. where large 
apertures are cut In the web, a special analysis shall be made to ensure that the 
maximum permissible average shear stresses laid down In this standard are not 
exceeded. 

G4.8 Curtailmentof Flange Plates 

Each flange plate shall be extended beyond its theoretical cut-off point adequately. The 
extension shall contain sufficient rivets, bolts and welds to withstand the forces developed at 
the theoretical cutoff point. 

In welded construction, the use of curtailed flange plates shall be avoided as faras possible, 
local strengthening being provided by other means such as inserting by butt welding a 
thickerand or wider plate. The heaviersection plate shall be suitably tapered to the lighter 
plate. If, in welded construction the use of curtailed flange plates cannot be avoided, the 
end ofthe plate shall be tapered in plan to a rounded end and all welds shall be continuous 
round the ends. 

G4.9 Connection of Flanges to Web 

The flanges of plate girders shall be connected to the web by sufficient rivets, bolts or welds 
to transmit the horizontal shear force combined with any vertical loads which are directly 
applied to the flange. In welded construction, where the web is in close contact with the 
flange before welding, vertical loads causing compression may be deemed to be resisted 
by the bearing between the flange and the web. 

G4.10 Dispersion of Load through Flange to Web 

Where a load is directly applied to a flange, it shall be considered as dispersed uniformly 
through the flange and the web atan angle of 45s. 
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Table G.9 Permissible Average Shear Stress in Stiffened Webs 

of Steel with = 250 Mpa 

(Clause G4.7.2) 


Stress T (MPa) fordifferentdistances between stiffeners 


dlti 

0.3d 

0.4d 

0.5d 

0.6d 

0.7d 

0.8d 

0.9d 

l.Od 

i.id 

i.2d 

1.3d 

1.4d 

1.5d 

90 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

95 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

99 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

99 

99 

98 

105 

100 

100 

100 

100 

100 

100 

100 

100 

100 

99 

98 

97 

96 

no 

100 

100 

100 

100 

100 

100 

100 

100 

99 

98 

96 

95 

94 

115 

100 

100 

100 

100 

100 

100 

100 

100 

98 

96 

95 

94 

93 

120 

100 

100 

100 

100 

100 

100 

100 

98 

96 

95 

93 

92 

91 

125 

100 

100 

100 

100 

100 

100 

98 

97 

95 

93 

92 

91 

90 

130 

100 

100 

100 

100 

100 

99 

97 

96 

94 

92 

90 

89 

88 

135 

100 

100 

100 

100 

100 

98 

96 

94 

92 

90 

89 

87 

86 

140 

100 

100 

100 

100 

99 

96 

95 

93 

91 

89 

97 

86 

85 

150 

100 

100 

100 

100 

97 

94 

92 

90 

88 

85 

84 

83 

81 

160 

100 

100 

100 

97 

94 

92 

89 

88 

85 

83 

81 

80 

78 

170 

100 

100 

100 

96 

92 

89 

87 

85 

82 

80 

78 

76 

75 

180 

100 

100 

98 

94 

90 

87 

84 

82 

80 

77 

75 

73 

72 

190 

100 

100 

97 

92 

88 

84 

82 







200 

100 

100 

95 

90 

86 

82 

81 







210 

100 

99 

93 

88 

83 

81 








220 

100 

98 

91 

86 

81 

80 








230 

100 

96 

90 

84 

79 



Non-a 

ipplicable zone. 



240 

100 

95 

88 

83 

77 









250 

100 

93 

86 

82 

74 









260 

100 

92 

85 

81 










270 

100 

90 

84 

81 











NOTE : Intermediate values may be obtained by linear interpolitan. 
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Table G.IO Permissible Average Shear Stress in Stiffened 
Webs of Steel With / = 340 MPa 

J y 

(Clause G4.7.2) 

Stress (MPa) fordifferentdistances between stiffeners 


d/ti 

0.3d 

0.4d 

0.5d 

0.6d 

0.7d 

0.8d 

0.9d 

l.Od 

l.ld 

1.2d 

1.3d 

1.4d 

1.5d 

75 

136 

136 

136 

136 

136 

136 

136 

136 

136 

136 

136 

136 

136 

80 

136 

136 

136 

136 

136 

136 

136 

136 

136 

136 

136 

136 

136 

85 

136 

136 

136 

136 

136 

136 

136 

136 

136 

136 

136 

134 

133 

90 

136 

136 

136 

136 

136 

136 

136 

136 

136 

135 

133 

132 

131 

95 

136 

136 

136 

136 

136 

136 

136 

136 

135 

133 

131 

129 

128 

100 

136 

136 

136 

136 

136 

136 

136 

136 

132 

130 

128 

127 

126 

105 

136 

136 

136 

136 

136 

136 

135 

133 

130 

128 

126 

124 

123 

no 

136 

136 

136 

136 

136 

135 

133 

131 

128 

126 

124 

122 

120 

115 

136 

136 

136 

136 

136 

133 

131 

129 

126 

123 

121 

119 

118 

120 

136 

136 

136 

136 

135 

131 

129 

127 

124 

121 

119 

117 

115 

125 

136 

136 

136 

136 

133 

129 

127 

125 

121 

119 

116 

114 

113 

130 

136 

136 

136 

135 

131 

127 

125 

122 

119 

116 

114 

112 

no 

135 

136 

136 

136 

134 

129 

126 

123 

120 

117 

114 

111 

109 

108 

140 

136 

136 

136 

132 

127 

124 

121 

118 

115 

112 

109 

107 

105 

150 

136 

136 

136 

129 

124 

120 

117 

114 

no 

107 

104 

102 

100 

160 

136 

136 

132 

126 

120 

116 

113 

no 

106 

102 

99 

97 

95 

170 

136 

136 

129 

123 

117 

112 

109 

106 

101 

98 

95 

92 

90 

180 

136 

135 

127 

119 

113 

108 

105 

102 

97 

93 

90 

87 

84 

190 

136 

133 

124 

116 

no 

105 

100 







200 

136 

130 

121 

113 

106 

101 

96 







210 

136 

128 

118 

no 

103 

97 








220 

136 

126 

116 

107 

99 

93 








230 

136 

123 

113 

103 

96 









240 

134 

121 

no 

100 

92 









250 

132 

119 

107 

97 

89 



(Non- 

applicable zone) 




260 

130 

116 

104 

94 










270 

128 

114 

102 

91 











NOTE : Intermediate values may be obtained by linear interpolation. 
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Table G.ll Permissible Average Shear Stress in Stiffened 
Webs of Steel with= 400 MPa 

(Clause G4.7.2) 

Stress (MPa) fordifferentdistances between stiffeners 


diti 

0.3d 

0.4d 

0.5d 

0.6d 

0.7d 

0.8d 

0.9d 

l.Od 

l.ld 

1.2d 

1.3d 

1.4d 

1.5d 

70 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

75 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

159 

80 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

159 

157 

156 

85 

160 

160 

160 

160 

160 

160 

160 

160 

160 

158 

156 

154 

152 

90 

160 

160 

160 

160 

160 

160 

160 

160 

157 

155 

152 

151 

149 

95 

160 

160 

160 

160 

160 

160 

159 

157 

154 

152 

149 

147 

146 

100 

160 

160 

160 

160 

160 

160 

157 

155 

151 

149 

146 

144 

143 

105 

160 

160 

160 

160 

160 

157 

154 

152 

149 

146 

143 

141 

139 

no 

160 

160 

160 

160 

159 

155 

152 

149 

146 

143 

140 

138 

136 

115 

160 

160 

160 

160 

156 

152 

149 

147 

143 

140 

137 

135 

133 

120 

160 

160 

160 

159 

154 

150 

147 

144 

140 

137 

134 

132 

129 

125 

160 

160 

160 

127 

152 

147 

144 

141 

137 

134 

131 

128 

126 

130 

160 

160 

160 

155 

150 

145 

141 

139 

131 

131 

128 

125 

123 

135 

160 

160 

160 

153 

147 

143 

139 

136 

132 

128 

125 

122 

120 

140 

160 

160 

158 

151 

145 

140 

136 

133 

129 

125 

122 

119 

116 

150 

160 

160 

155 

147 

141 

135 

131 

128 

123 

119 

115 

112 

no 

160 

160 

160 

151 

143 

136 

130 

126 

123 

117 

113 

109 

106 

103 

170 

160 

153 

148 

139 

132 

126 

121 

117 

112 

107 

103 

100 

97 

180 

160 

155 

144 

135 

127 

121 

116 

112 

106 

101 

97 

93 

90 

190 

160 

152 

140 

131 

123 

116 

111 







200 

160 

149 

137 

127 

118 

111 

106 







210 

160 

146 

133 

123 

114 

106 








220 

1577 

143 

130 

119 

109 

101 








230 

155 

140 

126 

114 

105 










240 

153 

137 

123 

no 

100 

(Non-applicable zone) 

250 

151 

134 

119 

106 

96 


260 

148 

131 

116 

102 



270 

146 

128 

112 

98 




NOTE : Intermediate values may be obtained by linear interpolation. 
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G4.11 Web stiffeners 

Web stiffeners shall be provided as follows : 

G4.11.1 Load bearing stiffeners 

G4.11.1.1 General 

Webs of plate girders and rolled beams shall be provided with load bearing stiffeners at 
points of supports and at points of concentrated load where reaction or concentrated load 
exceeds the value of 


where 


G . t. B 

ac 


G^^ = maximum permissible axial stress for struts as given in Clause G2.4.2.1 

for a slenderness ratio of {d^ V3)/r 

t = web thickness 

= cleardepth of web between rootfillets 

B = the length of the stiff portion of the bearing plus the additional length given 
by dispersion at 45° to the level of the neutral axis. The stiff portion of a 
bearing is that length which cannot deform appreciably in bending and 
shall not be taken as greaterthan half the depth of the beams continuous 
overa bearing. 

G4.11.1.2 Details and design 

a) Load bearing stiffeners should be in pairs (i.e, two legs of plates, angles 
etc.) placed symmetrically at both sides of the web. When the condition is 
notmetthe effect of the resulting eccentricity should be considered. 

b) The ends ofthe load bearing stiffener should be closely fitted oradequately 
connected to both flanges. They should be shaped to allow space forany 
root fillet or weld connecting the web to the flange, with a clearance not 
exceeding five times the thickness ofthe web. 

c) Load bearing stiffeners shall not be joggled and shall be solidly packed 
throughout. 

d) Outstanding legs or each pair of load bearing stiffeners shall be so 
proportioned that the bearing stress on that part of their area in contact 
with the flange and clearofthe rootof the flange orflange angles orclear 
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of the flange welds, does not exceed the bearing stress specified in 
Clause G2.4.1. 

e) Load bearing stiffeners consisting of two legs shall be designed as struts 
assuming the section to consist of the pair of stiffeners together with a 
length of web on each side of the centre line of the stiffeners equal to 
twenty times the web thickness (but limited to the edge distance of the 
web and half the distance ofthe adjacent stiffener). 

In case of bearing stiffeners consisting offourormore legs, the effective 
stiffener section should be taken to comprise the stiffeners, the web plate 
between the two outer legs and a portion of web plate notexceeding the 
length ofthe web as specified for single leg stiffeners on the outer sides 
ofthe outer legs. 

f) The radius of gyration shall be taken aboutthe axis parallel to the web of 
the beam or girder, and the working stress shall be in accordance with 
appropriate allowable value fora strut, assuming the effective length equal 
to 0.7 times the length ofthe stiffener. 

g) The load bearing stiffeners shall be provided with sufficient rivets, bolts 
orwelds to transmit to the web the whole ofthe load in the stiffeners. 

h) When load bearing stiffeners atsupports are the sole means of providing 
restraintagainsttorsion (see Clause G4.4.1.2) the momentof inertia I of 
the stiffenershall not be less than 

r ^ / 250) X {R/W) 

where 

I = momentof inertia ofthe pair of stiffeners aboutthe centre line of the web 
plate 

D = overall depth of the girder 

= maximum thickness of compression flange 
R = reaction of the bearing 
W = total load on girder 

i) In addition, the base ofthe stiffeners in conjunction with the bearing ofthe 
girder shall be capable of resisting a moment due to horizontal force 
specified in Clause G4.4.1.2. 
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G4.11.2 Intermediate stiffeners 
G4.11.2.1 General 

When the thickness of the web is less than the limits specified in Clause 509.6(a), transverse 
stiffeners shall be provided throughout the length of the girder. When the thickness of the 
web is less than the limits specified in Clause 509.6(b), longitudinal stiffeners shall be 
provided in addition to the transverse stiffeners. 

In no case shall the greater unsupported clear dimension of a web panel exceed 270 t nor 
the lesser unsupported clear dimension of the same panel exceed 180 t where t is the 
thickness of the web plate. 

G4.11.2.2 Transverse stiffeners 

Where transverse stiffeners are required, they shall be provided throughoutthe length of the 
girder at a distance apart not greater than 1.5 and not less than 0.33 d^, where d^ is the 
depth as defined in Clause 509.6. Where horizontal stiffeners are provided shall be taken 
as the clear distance between the horizontal stiffener and the farthest flange ignoring fillets. 

Transverse stiffeners shall be designed so thatl is not less than : 

1.5x(Jj3xr3)/52 

where 

I = the momentof inertia of a pair of stiffeners aboutthe centre ofthe web or 
a single stiffener aboutthe face ofthe web, 

t = minimum required thickness of the web 

S = the maximum permitted clear distance between stiffener for 
thickness t 

NOTE : If the thickness ofthe web is made greater, or the spacing of stiffener made smaller 

than that required by the standard, the momentof inertia ofthe stiffener need not be 
correspondingly increased. 

Intermediate transverse stiffeners, when not acting as load bearing stiffeners, may be joggled 
and may be single or in pairs placed one on each side ofthe web. Where single stiffeners 
are used, they should preferably be placed alternatively on opposite sides ofthe web. The 
stiffeners shall extend from flange to flange. They can be connected orfitted to, or kept well 
clearof the flanges. 
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G4.11.2.3 Longitudinal stiffeners 

Where longitudinal stiffeners are used in addition to vertical stiffeners they shall be as follows: 

One longitudinal stiffener, on one or both sides of the web, shall be placed ata distance from 
the compression flange equal to two fifths of the distance from the compression flange to the 
neutral axis, when the thickness of the web is less than dJ2^^ for steel conforming to 
IS 2062 upto Grade E250 and J^/ISO forsteel conforming to IS 2062 Grade E300 and above 
where is the depth of web as defined in Clause 509.6. This stiffenershall have a moment 
of inertia / not less than 4 where / and rare as defined in Clause G4.11.2.2 and 5^ is the 
actual distance between stiffeners. 

A second longitudinal, on one or both sides of the web shall be placed on the neutral axis of 
the girder when the thickness of the web is less than d^Hb^ for steel conforming to 
IS 2062 upto Grade E250 O'cd^l225 forsteel conforming to IS 2062 Grade E300 and above. 
The stiffenershall have a moment of inertia /notless than where /and rare as defined 
in Clause G4.11.2.2 and d^ in Clause 509.8. 

Longitudinal stiffeners shall extend between vertical stiffeners but need not be continuous 
overthem orconnected to them. 

G4.11.2.4 External forces on intermediate stiffeners 

When vertical intermediate stiffeners are subject to bending moments and shears due to the 
eccentricity of vertical loads, orthe action of transverse forces, the momentof inertia I of the 
stiffeners specified in Clause G4.11.2.2 shall be increased as follows : 

a) Bending moment on stiffener due to eccentricity of vertical loading with 
respectto the vertical axis of the web : 

Increase of/ = (1.5MD^)/(Et) 

b) Lateral loading on stiffener 
Increase of/ = (3 P D^)/(Et) 

where 

M = the applied bending moment 

D = overall depth of girder 

E = Young's modulus 

t = thickness of web 

P = lateral force to be taken by the stiffener and deemed to be applied at the 
compression flange of the girder. 
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G4.11.2.5 Connection of intermediate stiffeners to web 

Intermediate transverse and longitudinal stiffeners notsubjected to external loads shall be 
connected to the web by welds or rivets, in orderto withstand a shearing force in kilograms 
per millimeter run between each component of stiffener and the web, of not less than 
\2.6.f/h, where r equals web thickness in mm and h equals the projection in mm, of the 
stiffenercomponentfrom the web. 

G4.11.2.6 Outstand of all stiffeners 

Unless the outeredge of each stiffener is continuously stiffened, the outstand from the web 
shall be not more than the following : 

For sections : 16r forsteel conforming to IS 2062 upto Grade E250 

14rforsteel conforming to IS 2062 Grade E300 and above 

Forflats : 12rforall steels 

Where tis the thickness of the section orflat 

G4.12 Flange splices 

Flange joints should preferably not be located at points of maximum stress. Where splice 
plates are used, their area shall not be less than 5 percent in excess of the area of the flange 
elementspliced, theircentre of gravity shall coincide, as nearly as possible, with thatof the 
elementspliced. There shall be enough rivets orwelds on each side ofthe splice to develop 
the load in the elementspliced plus 5 percent, but in no case should the strength developed 
be less than 50 percent ofthe effective strength ofthe material spliced. 

In welded construction, flange plates or angles shall be joined by full penetration buttwelds 
wherever possible. These buttwelds shall develop the full strengths of plates orangles. Where 
this is not possible, splice plate should be used. 

G4.13 Splices in webs 

Splices in the webs of plate girders and rolled sections shall be designed to resistthe shears 
and moments atthe spliced section. 

In riveted construction, splice plates shall be provided on each side ofthe web. In welded 
construction web plates shall be joined by full penetration buttwelds wherever possible. Where 
this is not possible, splice plate may be used on both sides. 

G4.14 End connections 

Connections at the ends of all beams designed as simply supported beams shall have 
flexibility. 
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G4.15 Lateral bracing 

All spans shall be provided with a lateral bracing system extending from end to end of 
sufficient strength to transmit to the bearings all lateral forces due to wind, seismic effect 
etc., as applicable. 

G4.16 Expansion and contraction 

In all bridges, provision shall be made in the design to resist thermal stresses induced, or 
means shall be provided for movement caused by temperature changes. Provision shall 
also be made forchanges in length of span resulting from live loads. 

G5 DESIGN OF COMPRESSION MEMBERS 

G5.1 General 

Design of compression members should generally follow the considerations under 
Clause G7.2 under'Trusses oropen web Girders" ofthis Annex. 

G5.2 Base Plate 

G5.2.1 Base Plate is a structural partwhich serves as medium for uniformly transferring 
load from member/stanchion/column to foundation. 

G5.2.2 Area of base plate should be such thatatany pointreactive pressure acting on 
it is less than allowable stress of concrete in compression. 

= N/a- 

F cc 


where 


A^ = Area of base plate 

N = Load in the member 

( 7 ^^ = Allowable compressive stress of concrete 

For Crushing value of concrete IS 456 may be referred for guidance. 
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G5.2.2.1 Width of base plate should he B = b( orh) + 2t^ + 2c, 
where 

b Sindh = Size of member/stanchion/column, 

= Thickness of saddle plate, 8 mm -10 mm 

c = Cantilever portion restricted to 100 mm -120 mm, but not less than 20 
mm from outside member, stiffener to the edge of base plate. 

Length of base plate L = — 

B 

= Area of base plate 

G5.2.2.2 Thickness of base plate should notbe less than 20 mm. 

G5.2.2.3 Thickness of plate is determined from its bending consideration due to 
reactive pressure of foundation on base plate. 

= N/A^ 

F F 

where 

Pp = Reactive pressure on base plate 

Base plate area in general can be divided in fourtypes depending upon boundary conditions 
of support (stiffeners). 

i) Cantilever 

ii) Supported on two sides perpendicularto each other 
ill) Supported on three sides 

iv) Supported on four sides. 

G 5.2.2.3.1 Bending moment in case of cantilever for 1cm width of base plate (case-1): 

M, = P,c^/2 

1 F 

G5.2.2.3.2 Maximum bending moment in centre of free B-side in cases of plate having 
support atthree sides and also attwo perpendicularsides: 

M, = ap^F 

2 F 

where 

a = Coefficient as per table below depending on a/Z?. 
a = Length in the Other perpendicular direction 
b = Length of free shorter side of plate 
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a/b 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.2 

1.4 

2.0 

More than 2 

a 

0.06 

0.074 

0.088 

0.097 

0.107 

0.112 

0.120 

0.126 

0.132 

0.133 


If a/b < 0.5 the support of plate on a-side does not have any effect, as such for bending 
momenton base plate formula for cantilever type should be used with c = a. 

G5.2.2.3.3 Maximum Bending Moment in case of plate having supportatfoursides. 

M^ = /5P^(b,r 

where 

p = Coefficient as per table below, depending on a,/Z7j. 

Uj = longerside length 
b^ is shortside length. 


a/b^ 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

More 
than 2 

P 

0.048 

0.055 

0.063 

0.069 

0.075 

0.081 

0.086 

0.091 

0.094 

0.098 

0.1 

0.125 


In case o^a/bj > 2, plate works as single span simply supported beam and bending moment. 


M^ = P^(b//% 


G5.2.2.3.4 


Thickness ofthe base plate 



where 


M = Maximum bending moment considering all areas in which base plate is 
divided. 


<7^^ = Maximum permissible bending stress in slab base. 

G5.2.2.4 Section of stiffeners saddle element of base plate and its connections are 
designed for loads coming on them. Main stiffeners are designed as simply supported over 
hanging beam loaded with uniformly distributed load equal to qs^ = P^xl^ and checked for 
bending and shearstresses. 


G5.2.2.4.1 Secondary stiffeners (considering cantilever) are designed for load equal to 
qs^ = P^x 4 and checked for bending and shear stress. 

G5.2.2.5 Welded and riveted connections are designed to transfer the loads coming 
on stiffeners to main member and also to connect base plate with stiffeners. 
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G5.2.2.6 In case of heavy load transfer from member to the base plate machining of 
contact surface between base plate and member is recommended and the area of the base 
plate shall be sufficientto limit the stress in bearing forwhole ofthe load. In such cases the 
weld orrivetconnecting base plate with stiffeners and main membershould be designed for 
25 percent of total load coming on base plate (for resisting the unforeseen bending and 
shear) which should be resisted by total weld length orall rivets . 

G5.2.2.7 Base plate for eccentrically loaded members - Action due to bending moment 
in base plate along with compression causes non uniform pressure on the foundation and 
value of max. and min. pressure can be computed as under: 

p = —±-±- 

FMAX.Min 

Where B&L are width and length of base plate. and are moments in the length and 
width direction of base plate respectively. 

G5.2.2.8 Thickness of base plate is computed as perClauses G5.2.2.3.1to G5.2.2.3.4 
and bending moment is calculated based on maximum pressure acting on each area in 
which base plate is divided, neglecting non-uniform pressure from foundation on base plate 
on conservative side. 

G5.2.2.9 Elements of base plate main and secondary stiffeners are designed as per 
Clauses G5.2.2.4and G5.2.2.4.1. 

G5.3 Cap plate 

Cap plate serves as medium for transferring the axial load from structure above (beam, 
girder) uniformly to the member/stanchion 

G5.3.1 The thickness of cap plate should be preferably 16-25 mm and stiffener's 
thickness should notbe less than 

I 12600 

~ times width of stiffener, where F, is the yield stress of stiffener 
in kg/cm^ 

G5.3.1.2 When the load from beam is transferred to stanchion memberthrough bearing 
stiffeners extended beyond the beam, the cap plate serves as media to transmit this load to 
the stiffeners connected to web of stanchion/member, or to tie beam for lattice member by 
rivet or weld. The cap plate is designed for specified load. 
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G5.3.1.2.1 If the beam/girder is supported on stanchion in such a mannerthat loads are 
directly transmitted to the flange of stanchion or main elementor lattice member, cap plate 
should be provided as perClause G5.3.1 withoutcalculation 

N 

G5.3.1.3 The width of cap stiffeners is determined from bearing criteria b = -and 

' j'C 0 - 

also shear stress should not exceed specified stress : 


where 


G6. 


= Length of stiffener, to be sufficientfortransmitting the load to web of stanchion 
by rivetorweld. 

cr^^ = Basic permissible bearing stress 
N = Load to be transmitted from girder/beam 
b = Width of Stiffener. 

sc 

t = Thickness of the stiffener 

c 

DESIGN OF TENSION MEMBERS 


G6.1 Design of tension member should generally follow the considerations under 

Clause G7.3 under'Trusses oropen web Girders" ofthis Annex. 


G7. DESIGN OF TRUSSES OR OPEN-WEB GIRDERS 

G7.1 General 

G7.1.1 Analysis 

Refer to Clause 508.2 
G7.1.2 Intersection atjoints 

Refer to Clause 508.3 
G7.2 Compression Members 

G7.2.1 General requirements 


This clause covers the design of straight members of uniform cross section subjected to 
axial compression orto combined compression and bending. 
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G7.2.2 Effective sections 

G7.2.2.1 The properties of the cross section should be computed from the effective 
sectional area. Where plates are provided solely for the purposes of lacing or battening 
these shall be ignored in computing the radius of gyration ofthe section. 

G7.2.2.2 The effective sectional area shall be the gross area less the specified deduction 
forexcessive widths of plate, (see Clauses G7.2.2.3 &G7.2.2.4) and the maximum deduction 
foropen holes, including holes for pins and black bolts occurring in a section perpendicular 
to the axis ofthe memberwithin the critical zone ofthe compression member. 

G7.2.2.3 Formembers otherthan circularhollow section forcalculating the effective cross 
sectional area of a member in compression the effective width be of a plate, in terms of its 
width b measured between adjacentlines of rivets, bolts orwelds connecting it to otherparts 
ofthe section, unless effectively stiffened shall be taken as : 

i) For riveted, bolted or stress relieved welded members in steel conforming 
to IS 2062 upto Grade E250. 

For M not above 45, =b 

e 

For M above 45, =45t 

e 

with a maximum value of M = 90 

ii) For riveted or bolted members in steel conforming to IS 2062 Grade E300 
and above 

For M not above 45, Z? =b 

e 

For M above 45, Z? =40t 

e 

with a maximum value of Z^A = 80 

ill) Forwelded members (notstress relieved) in steel conforming to IS 2062 
(all Grades) 

For ZjA not above 30, Zj =b 

For b/t above 30, b^ = 40tx [(b/t - 18)/(b/t -14)] 

with a maximum value b/t = 80 

In the above, Y is the thickness of a single plate orthe aggregate thickness 
of two or more plate, provided these are adequately tacked together 
considering maximum allowable pitch and edge distance of rivets or bolts. 
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G7.2.2.4 The unsupported projection of any plate, measured from its edge to the line of 
rivets, bolts orweld connecting the plate to otherparts ofthe section shall notexceed : 

I) i(5r for Steel conforming to IS 2062 upto Grade E250 

II) 14 ?for Steel conforming to IS 2062 Grade E300 and above 

Where "t" is as defined above. However in case of compression flanges 't' is the thickness 
of the thinnest flange plate or the aggregate thickness of two or more plates when the 
projecting portions of these plates are adequately tacked together. 

G7.2.3 Permissible stresses and slenderness ratio 

G7.2.3.1 Permissible stress 

Values of permissible stress in axial compression in MPa for some ofthe structural steels 
corresponding to various slenderness ratios are given in Table G.12. 

G7.2.3.2 The ratio ofthe effective length to the leastradius of gyration shall notexceed: 

120 for main members, and 

140 forwind bracings and subsidiary members. 

G7.2.3.3 All values of permissible stress in axial compression in MPa for structural 
steel with Yield stress otherthan those shown in Table G.12 may be calculated by using the 
following formula subjectto the condition that shall notexceed 0.6/^. 


where 


= 0.6 





fee 

E 

A = {l/r) 


n 


permissible stress in axial compression, in MPa; 
yield stress of steel, in MPa; 

n^.E 

elastic critical stress in compression, = 
modulus of elasticity of steel; 2 x 10^ MPa; 

slenderness ratio of the member, ratio of the effective length to 
appropriate radius of gyration; and 
a factor assumed as 1.4 


240 




















IRC:24-2010 


Table G.12 Permissible Stress (MPa) in Axial Compression 
for Steels with Various Yield Stresses 

(Clause G7.2.3.1) 



Yield stress if) MPa 

II 

250 

340 

400 

10 

150 

204 

239 

20 

148 

201 

235 

30 

145 

194 

225 

40 

139 

183 

210 

50 

132 

168 

190 

60 

122 

152 

168 

70 

112 

135 

147 

80 

101 

118 

127 

90 

90 

103 

109 

100 

80 

90 

94 

no 

72 

79 

82 

130 

64 

69 

71 

130 

57 

61 

62 

140 

51 

54 

55 

150 

45 

48 

49 

160 

41 

43 

43 

170 

37 

38 

39 

180 

33 

34 

35 

190 

30 

31 

31 

200 

28 

28 

28 

210 

25 

26 

26 

220 

23 

24 

24 

230 

21 

22 

22 

240 

20 

20 

20 

250 

18 

18 

19 


Where / = effective length ofthe member&r = radius ofgyration 


G7.2.4 Effective length of compression members otherthan lacings 

G7.2.4.1 In riveted, bolted orwelded trusses, the compression members actin a complex 
manner and the effective length to be used in computing allowable working stresses for 
compression members shall be taken as given in Table G.13 exceptthat, for battened struts, 
all values given in table shall be increased by 10 percent. 
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Table G.13 Effective Length of Compression Members 
(Clause G7.2.4.1) 




Effective length / of member 




For bucking normal to the plane of the truss 

Member 

For buckling in 
the plane of the 
truss 

Compression chord or 
(compression) member 
effectively braced by 
lateral syustem 

Compression chord 
or (compression) 
member unbraced 

Chords 

0.85 X distance 
between centres 
of intersection 
with the web 
members 

0.85 X distance 
between centres of 
intersection with the 
lateral bracing 
members or rigidly 
connected cross girders 

See Clause 

G7.2.4.1 


Single 

triangulated 

system 

0.70 X distance 
between centres 
of intersection 
with the main 
chords 

0.85 X distance 
between centres of 
intersections 

Distance between 
centres of 
intersection 

Web 

Multiple 
intersection 
system where 
adequate 
connections 
are provided 
at all points 
of intersection 

0.85 X greatest 
distance 
between centres 
of any two 
adjacent 
intersections 

0.70 X distance 
between centres of 
intersection with the 
main chords 

0.85 X distance 
between centres of 
intersection with 
the main chords 


NOTE : The intersection referred to are those of the centroidal axis of the members. 

G7.2.4.2. Forsingle angle discontinuous struts connected to gussets orto a section either 
by riveting or bolting by not less than two rivets or bolts in line along the angle ateach end, or 
by their equivalent in welding, the eccentricity of the connection with respectto the centroid 
of the strut may be ignored and the strut designed as an axially loaded member 
provided thatthe calculated average stress does notexceed the allowable stresses given in 
Table G.12 in which is the length of the strut, centre to centre of fastenings ateach end 
and 'r' is the minimum radius of gyration. 

G7.2.4.3 Forsingle angle discontinuous struts intersected by, and effectively connected 
to another angle in cross bracing, the effective length in the plane of bracings shall be taken 
as in Table G.13 and normal to the plane of bracing the effective lengths shall be taken as 
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the distance along the bracing members between the points of intersection and the centroids 
of the main member. In calculating the ratio of slenderness, the radius of gyration aboutthe 
appropriate rectangular axis shall be taken for buckling normal to the plane of the bracing 
and the least radius of gyration for buckling in the plane of the bracing. 

G7.2.4.4 Effective length of unbraced compression chords 

Forsimply supported trusses with ends restrained atthe bearings againsttorsion, the effective 
length I of the compression chord for buckling normal to the plane of the truss shall be taken 
as follows : 

a) With no lateral support to compression chord; where there is no lateral 
bracing between compression chords and no cross frames: 

/ = span 

b) With compression chords supported by U frames, where there is no lateral 
bracing ofthe compression chord butwhere cross members and verticals 
forming U frames provide lateral restraints: 


where 

E 

I 


a 


/ = 2.5 X ^Elad but not less than "a" 


= Young's modulus 

= maximum moment of inertia of compression chord aboutthe axis lying in the 
plane ofthe truss. 

= distance between frames, and 


S = the virtual lateral displacementof the compression chord atthe frame nearest 
mid span of the truss, taken as the horizontal deflection. This deflection shall 
be computed assuming that the cross member is free to deflect vertically 
and thatthe tangentto the deflection curve atthe centre of its span remains 
parallel to the neutral axis ofthe unrestrained cross member. 


When s is notgreaterthan 
I = a 

In case of symmetrical U frames, where cross memberand verticals are each 
of constant momentof inertia throughout theirown length; it may be assumed 
that: 
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where 

dj 

C 

E 

h 

h 

f 


^ {d^fC 
3EI^ EI^ 

= distance of the centroid of the compression chord from the top of the cross 
member, 

= distance of the centroid of the compression chord from the neutral axis of 
the cross member, 

= half the distance between centres of the main trusses; 

= Young's Modulus; 

= moment of inertia of the vertical in its plane of bending and 

= moment of inertia of the cross member in its plane of bending 

= flexibility of the joint between the cross member and the stiffeners of U frame 
expressed in radian per unit moment 


U frames shall have rigid connections and shall be designed to resist, in addition 
to the effects of wind and other applied forces, the effects of a horizontal force 
F acting normal to the compression chord of the truss atthe level of the centroid 
of this chord where: 


1.4x10“^/ 



In the above formula : 

/ =2.5 X ^Elad 

S =the deflection of the chord underthe action of unit horizontal force F 


C„ = Euler critical stress in chord = 


tt^E 
f 1 


V ' y 


where 

E = Young's Modulus 
r = radius of gyration 

= calculated working stress in the chord. 
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c) With compression chord supporting continuous deck, a compression 
chord continuously supporting a reinforced concrete orsteel deckshall 
be deemed to be effectively restrained laterally throughout its length 
(e.g., l = 0) if the friction or positive connection of the deck to the chord 
is capable of resisting a lateral force, distributed uniformly along its 
length of 2.5 percentof the maximum force in the chord, in addition to 
other lateral forces. 

G7.2.5 Lacings and battening 

Forgeneral design and detailing aspect referto Clauses 507.6, 507.7, 507.8 and 507.9. 
G7.3 Tension members 

G7.3.1 General requirements 

Tension members should preferably be of solid cross section. However, when composed of 
two or more components these shall be connected as described in Clauses 506.2.6,506.2.7 
and 506.2.8. 

G7.3.2 Effective sectional area 

The properties of the cross-section shall be computed from the effective sectional areas as 
given in Clause G3.8.2. When plates are provided solely for the purposes of lacing or 
battening, they shall be ignored in computing the radius of gyration of the section. 

G7.3.3 Slenderness ratio 

Referto Clause 506.2.1 

G7.3.4 Lacing and battening 

G.7.3.4.1 For design and detailing referto Clauses 506.2.4,506.2.5,506.2.7 and 506.2.8. 

G7.3.4.2 Where battens are attached by welds, the length of welds connecting each 
longitudinal edge of the batten plate to the component shall, in the aggregate, be not less 
than half the length ofthe batten plate, and atleastl/3 ofthe weld shall be placed at each 
end ofthe longitudinal edge. In addition, welding shall be returned along the ends ofthe plate 
fora length atleastfourtimes the thickness ofthe plate. 

G7.3.4.3 Where the tie or batten plates are fitted between main components they shall 
be connected to each membereitherbyfilletwelds on each side ofthe plate, atleastequal 
in length to thatspecified in the preceding paragraph or by full penetration buttweld. 
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G7.4 


Splices 


G7.4.1 For compression member 


G7.4.1.1 Splices in compression members located at or near effectively braced panel 
points shall be designed to transmit the full design load in the member. All othersplices in 
compression members shall have a sectional area 5 percent more than that required to 
develop the load in the member at the average working stress of the member. All cover 
material shall, as far as practical, be so disposed with respect to the cross-section of the 
member so as to transmit the proportional load of the respective parts of the section. 

G7.4.1.2 Wherever possible both surfaces ofthe parts spliced shall be covered orother 
means taken to maintain the alignmentof the abutting ends. 

G7.4.1.3 Where flexural tension may occur in the member, the cover material shall be 
designed to resistsuch tension. 

G7.4.1.4 Rivets, bolts orwelds shall develop the full load in the covermaterial as defined 
above calculated on the cover area. 

G7.4.2 Fortension members 

G7.4.2.1 Splices in tension members shall have a sectional area 5 percent more than 
that required to develop the load in the member and, whenever practicable, the covermaterial 
shall be disposed to suit the distribution of stress in the various parts ofthe cross section of 
the member. Both surfaces ofthe parts splices shall be covered wherever possible. 

G7.4.2.2 Rivets, bolts orwelds shall develop the full load in the covermaterial as defined 
above, calculated on the cover area. 

G7.5 Connections at intersection 


Refer to Clause 508.6 


G7.6 


Lug angles 


Refer to Clause 508.7 


G7.7 


Section at pin holes in tension members 


Refer to Clause 508.8 


G7.8 


Pin plates 


Refer to Clause 508.9 
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G7.9 Diaphragms in members 

Refer to Clause 508.10 
G7.10 Lateral bracings 

Refer to Clause 508.11 
G8. CONNECTIONS 

G8.1 Composite connections 

In any connection which takes a force directly communicated to it and which is made with 
more than one type of fastening, only rivets and turned and fitted bolts may be considered as 
acting together to share the load. In all other connections sufficient number of one type of 
fastening shall be provided to communicate the entire load for which the connection is 
designed. 

G8.2 Welded connections 

G8.2.1. Welds shall conform to IS 816 and IS 9595 as appropriate. 

G8.2.2. Types ofwelds 

Refer to Clause 512.4.2 
G8.2.3 Strength of weld 

Refer to Clause 512.4.3 
G8.2.4. General requirements ofwelds 

Refer to Clause 512.4.4 

G8.3 Connections made with bearing type bolts, rivets or pins 

G8.3.1 General 

Refer to Clause 512.5.1 

G8.3.2 Connections and splices in flexural members 

Refer to Clause 512.5.2 

G8.3.3 Connections in triangulated structures 

Refer to Clause 512.5.3 
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G8.3.4 Rivets and bolts 

a) Gross and NetAreas of Rivets and Bolts - 

The gross area of a rivet shall be taken as the cross sections area of the 
rivet hole. 

The netsectional area of a boltorscrewed tension rod shall be taken as the tension area for 
the particulardiameterof boltas given in the table below : 


Nominal Thread Dia (mm) 

12 

14 

16 

18 

20 

22 

24 

27 

30 

33 

Nominal Stress Area (mm^) 

84 

115 

157 

192 

245 

303 

353 

459 

561 

694 


b) Calculation of stresses 

Calculation ofstresses in rivets and bolts shall be as perClause G2.5.2 

c) DiameterofRivetand Boltholes 
Refer to Clause 512.5.4(a) 

d) Edge Distances 

Refer to Clause 512.5.4(b) 

e) Pitch of rivets or bolts 
Refer to Clause 512.5.4(c) 

f) Long Rivets 

The grip of rivets carrying calculated loads shall not exceed 8 times the 
diameter of the holes. Where the grip exceeds 6 times the diameter of 
the hole, the number of rivets required by normal calculation shall be 
increased by notless than half a percentforeach additional millimeterof 
length of grip above 6 times the hole diameter. 

g) Rivets with Countersunk Head 
Refer to Clause 512.5.4(d) 
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h) Rivets or bolts Through packing 

Number of rivets orbolts carrying calculated shearth rough a packing shall 
be increased above the number required by normal calculations by 
2.5 percentforeach 2.0 mm thickness of packing exceptthat, forpacking 
having a thickness of upto 6 mm, no increase need be made. Fordouble 
shearconnections packed on both sides, the numberof additional rivets 
or bolts required shall be determined from the thickness of the thicker 
packing. The additional rivets or bolts shall be placed in an extension of 
the packing. 

i) Staggered Pitch- 

When rivets and bolts are staggered at equal intervals and the gauge 
does not exceed 75 mm, the distances between centres of rivets and 
bolts as specified earlier may be increased by 50 percent. 
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